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ABSTRACT
This study was formulated in order to gain information 
about the effectiveness of two methods of instructing sec­
ondary mathematics students in introductory computer pro­
gramming. Investigation of programming instruction in a 
reduced period of time was a major component of the study 
for those educators who choose to teach programming as a 
portion of a mathematics course must do so under time con­
straints.
The r e s e a r c h  w as c o n d u c te d  i n  t h r e e  p u b l i c  s e c o n d a r y  
s c h o o l s  i n  S t .  Mary P a r is h  i n  L o u is ia n a .  The s u b j e c t s  
w ere e n r o l l e d  i n  an a lg e b r a  I I  o r  a  g e o m e tr y  c l a s s  d u r in g  
t h e  s p r in g  s e m e s te r  o f  t h e  1 9 8 2 -8 3  a ca d em ic  y e a r .  An 
e x p e r im e n t a l - c o n t r o l  g r o u p , p r e t e s t - p o s t t e s t  d e s ig n  was 
em p lo y ed  i n  t h e  s t u d y .  The e x p e r im e n ta l  g ro u p  w as com posed  
o f  s i x t y - n i n e  s t u d e n t s ,  and t h e  c o n t r o l  g ro u p  c o n s i s t e d  o f  
s ix t y - t w o  s t u d e n t s .
The p u r p o se  o f  t h i s  e x p e r im e n t  w as t o  i n v e s t i g a t e  t h e  
e f f e c t  o f  two m eth o d s o f  t e a c h in g  co m p u ter  program m ing  
u s in g  t h e  BASIC la n g u a g e .  S u b j e c t s  i n  t h e  e x p e r im e n ta l  
g ro u p  r e c e i v e d  i n s t r u c t i o n  i n  t h e  t u r t l e  g r a p h ic s  com ponent 
o f  L o g o , a  s im p le  la n g u a g e  d e s ig n e d  f o r  a  c h i l d ' s  i n i t i a l  
co m p u ter  e x p e r i e n c e s ,  and t h e y  d e s ig n e d  tw o p ro g ra m s u s in g  
t h i s  la n g u a g e .  The Logo p h a se  o f  t h e  t r e a tm e n t  a c c o u n te d  
f o r  a p p r o x im a te ly  2 5  p e r c e n t  o f  t h e  t o t a l  t r e a tm e n t  t im e .
v i i
F or t h e  r e m a in d e r  o f  t h e  t r e a tm e n t  p e r io d  o f  n in e  h o u r s  th e  
e x p e r im e n ta l  g ro u p  r e c e i v e d  i n s t r u c t i o n  i n  BASIC, and th e  
s t u d e n t s  c r e a t e d  p ro g ra m s i n  t h a t  la n g u a g e .  The c o n t r o l  
grou p  w as t a u g h t  t o  d e s ig n  p ro g ra m s i n  BASIC o n ly  so  t h a t  
a l l  o f  th e  p rogram s c r e a t e d  by t h e  s u b j e c t s  i n  t h e  c o n t r o l  
gro u p  w ere i n  BASIC. T re a tm en t f o r  b o th  g r o u p s  w as c o n ­
d u c te d  by t h e  r e s e a r c h e r .
A p r e t e s t  on  co m p u ter  program m ing i n  BASIC w as adm in­
i s t e r e d  to  t h e  s u b j e c t s  on  th e  f i r s t  d ay  o f  th e  e x p e r im e n t ,  
and t h e  p a r t i c i p a n t s  c o m p le te d  a  p o s t t e s t  im m e d ia te ly  a f t e r  
t h e  t r e a t m e n t .  The e v a l u a t i o n  in s t r u m e n t  w as d e s ig n e d  by  
t h e  r e s e a r c h e r ,  f i e l d  t e s t e d  i n  a  s e c o n d a r y  s c h o o l ,  and 
v a l i d a t e d  b y  a  p a n e l  o f  e x p e r t s .
A n a ly s i s  o f  c o .v a r ia n c e  was p er fo rm e d  on th e  s c o r e s  
o b ta in e d  on t h e  BASIC program m ing p o s t t e s t  u s in g  t h e  p r e ­
t e s t  s c o r e  a s  c o v a r i a t e .  The s t u d e n t s  who had r e c e iv e d  
i n s t r u c t i o n  i n  BASIC a lo n e  e x h i b i t e d  s i g n i f i c a n t l y  h ig h e r  
a c h ie v e m e n t  th a n  t h o s e  t a u g h t  Logo and BASIC. No s i g n i f ­
i c a n t  d i f f e r e n c e  was fo u n d  i n  t h e  s c o r e s  o f  sa m p le s  o f  
a lg e b r a  I I  s t u d e n t s  and g e o m e tr y  s t u d e n t s  n o r  in  sa m p le s  
o f  m a le s  and f e m a le s  who r e c e i v e d  i n s t r u c t i o n  i n  program ­
m ing by ea ch  o f  t h e  two m eth o d s o f  s tu d y .
CHAPTER ONE
I n t r o d u c t io n
Com puter t e c h n o lo g y  i n f l u e n c e s  th e  e v e r y d a y  l i v e s  o f  
many p e o p le ,  and t h e r e  i s  no e v id e n c e  t h a t  i t s  im p a c t  w i l l  
l e s s e n  i n  t h e  f u t u r e .  Com puter a p p l i c a t i o n s  a r e  u t i l i z e d  
a c r o s s  a  b road  sp e c tr u m  o f  o c c u p a t io n s  i n  t h e  U n ite d  S t a t e s  
and th r o u g h o u t  t h e  w o r ld .  H a ro ld  G. Shane (1 9 8 2 )  r e p o r t s  
t h a t  in fo r m a t io n  w o r k e r s  c o n s t i t u t e d  a b o u t h a l f  o f  t h e  t o t a l  
l a b o r  f o r c e  i n  1 9 8 0 . T h ese  w o r k e r s  in c lu d e  h a n d le r s  o f  i n ­
fo r m a t io n  and d i s p e r s e r s  o f  c o m m u n ic a t io n s . The p e r c e n t a g e  
o f  p e o p le  em p loyed  i n  in f o r m a t io n  o c c u p a t io n s  h a s  s t e a d i l y  
in c r e a s e d  d u r in g  t h e  l a s t  d e c a d e . S in c e  s e c o n d a r y  s t u d e n t s  
a r e  t h e  la b o r  f o r c e  o f  t h e  f u t u r e ,  many s c h o o l s  a r e  p u r c h a s ­
in g  in e x p e n s iv e  m ic r o c o m p u te r s  i n  o r d e r  to  p r o v id e  com p u ter  
e x p e r ie n c e s  f o r  t h e i r  s t u d e n t s .  T h u s, t h e  i n f l u e n c e  o f  th e  
co m p u ter  i s  d i r e c t l y  in v o lv e d  i n  t h e  e d u c a t io n  o f  c h i l d r e n .  
A lth o u g h  t h e r e  a r e  s e v e r a l  e d u c a t io n a l  u s e s  f o r  co m p u ters  
in c l u d i n g  com p u ter  a s s i s t e d  i n s t r u c t i o n ,  a d m in i s t r a t i v e  
a p p l i c a t i o n s ,  and co m p u ter  p rogram m in g, t h e  on e  way by w h ich  
a  p e r s o n  ca n  c o n t r o l  t h e  e l e c t r o n i c  d e v ic e  i s  by  l e a r n i n g  
how t o  p rogram . C om puter program m ing, t h e n ,  b eco m es a  
com ponent o f  t h e  s e c o n d a r y  s c h o o l  c u r r ic u lu m .
In  many s e c o n d a r y  s c h o o l s  s t u d e n t s  a r e  g iv e n  th e
1
2o p p o r t u n it y  o f  r e c e i v i n g  i n s t r u c t i o n  i n  in t r o d u c t o r y  com­
p u te r  program m ing. O fte n  i t  i s  t h e  m a th e m a tic s  t e a c h e r  who 
in t e r w e a v e s  program m ing and m a th e m a tic s  b e c a u s e  com p u ter  
a p p l i c a t i o n s  i n  t h i s  f i e l d  a r e  o b v io u s .  The t a s k  i s  accom ­
p l i s h e d  when t h e  t e a c h e r  e m p h a s iz e s  p ro b lem  s o l v i n g  a s  an  
e s s e n t i a l  com ponent o f  m a th e m a tic s  and u t i l i z e s  t h e  com­
p u t e r  a s  a  p ro b lem  s o l v i n g  t o o l .  The com p u ter  i s  an i d e a l  
d e v ic e  f o r  t e a c h in g  m a th e m a t ic a l t h in k in g  th r o u g h  p ro b lem  
s o l v i n g  ( e . g . ,  N o r r i s ,  1 9 8 1 ; P i e l e ,  1 9 8 2 ; W old, 1 9 8 3 )  and  
th u s  t h e  m a th e m a tic s  c la s s r o o m  c o n t a in s  an i n s t r u c t i o n a l  
t o o l  o f  m a jo r  im p o r ta n c e . U se o f  t h e  com p u ter i n  t h i s  man­
n e r  r e q u i r e s  t h a t  s t u d e n t s  d e s ig n  p rogram s to  s e r v e  a s  th e  
s o l u t i o n  to  t h e i r  p r o b le m s . T h u s, t h e  m a th e m a tic s  t e a c h e r  
m ust a l s o  b e a  t e a c h e r  o f  fu n d a m e n ta l co m p u ter  p rogram m in g.
The s e c o n d a r y  m a th e m a tic s  i n s t r u c t o r  m ust s e l e c t  a  
m ethod  o f  t e a c h in g  in t r o d u c t o r y  program m ing i n  a  r e d u c e d  
p e r io d  o f  t im e  b e c a u s e  co m p u ter  work i s  o n ly  a  p o r t io n  o f  
t h e  c o n t e n t  o f  t h e  m a th e m a tic s  c o u r s e .  S in c e  BASIC i s  th e  
m ost p o p u la r  com p u ter  la n g u a g e  u se d  to d a y  (W old , 1 9 8 3 ) ,  
i n s t r u c t i o n  i s  m ost l i k e l y  t o  be i n  t h a t  la n g u a g e .  Even  
th o u g h  t h e s e  s t u d e n t s  may b e r a t h e r  m a tu r e , t h e y  a r e  n o v ­
i c e s  a t  program m ing and m ust b e g in  a t  t h e  l o w e s t  l e v e l  
r e g a r d l e s s  o f  t h e i r  c h r o n o l o g i c a l  a g e .
S e v e r a l  K -12 co m p u ter  l i t e r a c y  p la n s  n o t e  t h e  p r o g r e s ­
s io n  fo u n d  i n  t h e  fo r m a t io n  o f  co m p u ter  c o m p e te n c y . One 
o f  t h e s e  p rogram s t e a c h e s  Logo a s  an e le m e n ta r y  la n g u a g e  in
3lo w e r  g r a d e s  f o l lo w e d  by  i n s t r u c t i o n  i n  BASIC ( F i s h e r ,
1 9 8 3 ) 1  w h i le  a  s e c o n d a r y  s c h o o l  i n  M a s s a c h u s e t t s  u s e s  Logo  
a s  an in t r o d u c t o r y  la n g u a g e  i n  t h e  r e g u la r  co m p u ter  s c i e n c e  
c l a s s  (W a tt, 1 9 8 2 b ) .  The t r a d i t i o n a l  m ethod  o f  t e a c h in g  
BASIC program m ing i n v o l v e s  i n s t r u c t i n g  t h e  s t u d e n t s  i n  t h a t  
la n g u a g e  e x c l u s i v e l y .  T h is  s tu d y  i n v e s t i g a t e s  t h e s e  two 
m eth o d s  o f  t e a c h in g  i n t r o d u c t o r y  co m p u ter  program m ing to  
s e c o n d a r y  m a th e m a tic s  s t u d e n t s .
Two program m ing la n g u a g e s ,  BASIC and L o g o , a r e  d e s ig n e d  
f o r  i n i t i a l  i n s t r u c t i o n  i n  p rogram m ing b e c a u s e  o f  t h e i r  
s i m p l i s t i c  n a t u r e .  BASIC w as o r i g i n a l l y  d e v e lo p e d  a t  D a r t­
m outh C o l le g e  b y  John Kemeny and Thomas K u rtz  i n  t h e  m id d le  
1 9 6 0 s .  The la n g u a g e  w as a d o p te d  b y  s e v e r a l  t im e - s h a r in g  
s y s t e m s  w h ich  c o m p e lle d  many u s e r s  t o  becom e f a m i l i a r  w ith  
i t .  The g r e a t e s t  im p e tu s  t o  t h e  u s e  o f  BASIC came i n  t h e  
m id -1 9 7 0 s  when t h e  m ic r o c o m p u te r  w as i n v e n t e d .  N e a r ly  a l l  
m ic r o c o m p u te r s  a r e  e q u ip p e d  w it h  a  BASIC i n t e r p r e t e r  so  t h a t  
BASIC i s  t h e i r  s ta n d a r d  h o s t  la n g u a g e .  The s i m p l i c i t y  and  
c o n v e n ie n c e  o f  BASIC h a s  b e e n  a  s i g n i f i c a n t  f a c t o r  i n  t h e  
p o p u l a r i t y  o f  t h e  m ic r o c o m p u te r  ( G o t t f r i e d ,  1 9 8 2 ) .  M ost 
s t u d e n t s  i n  in t r o d u c t o r y  p rogram m ing c l a s s e s  a t  t h e  s e c o n d ­
a r y  l e v e l  a r e  ta u g h t  BASIC.
An i n t e n s i v e  c o u r s e  i n  BASIC program m ing w as o f f e r e d  i n  
a c o l l e g e  f o r  a  s h o r te n e d  p e r io d  o f  t im e .  G la s s b o r o  S t a t e  
C o l le g e  i n  New J e r s e y  o f f e r e d  a  c o l l e g e - l e v e l ,  t w e lv e - d a y  
BASIC program m ing c o u r s e  b e tw e e n  s e m e s t e r s  i n  1 9 7 9  t o  a v o id
o v e r c r o w d in g  i n  t h e  r e g u la r  c l a s s  (M a sa r t , 1 9 8 1 - 8 2 ) .  S tu ­
d e n t s  i n  t h i s  s h o r te n e d  c l a s s  show ed a c h ie v e m e n t  in  p rogram ­
m ing e q u a l t o  o r  g r e a t e r  th a n  t h a t  o f  s t u d e n t s  i n  t h e  r e g u ­
l a r  s e m e s te r  c l a s s .  T h u s, s t u d e n t s  ca n  l e a r n  t o  program  i n  
a  c o m p r e sse d  p e r io d  o f  t im e .
A s im p le ,  s p e c i a l  p u r p o se  la n g u a g e  d e d ic a t e d  to  t h e  
e d u c a t io n  o f  c h i l d r e n  w as d e v e lo p e d  by Seym our P a p e r t  a t  
M a s s a c h u s e t t s  I n s t i t u t e  o f  T e c h n o lo g y . Logo w as o r i g i n a l l y  
d e s ig n e d  f o r  lo w e r  e le m e n ta r y  c h i l d r e n ,  b u t  i t  h a s  b een  
u se d  a s  a  t e a c h in g  t o o l  th r o u g h o u t  e le m e n ta r y  s c h o o l  and 
e v e n  w ith  o l d e r  c h i l d r e n  and a d u l t s  (du  B o u la y  and Howe, 
1 9 8 1 ; S o lom on , 1 9 7 5 ;  W a tt, 1 9 8 2 b ) .  A m a jo r  com ponent o f  
L o g o , c a l l e d  " t u r t l e  g r a p h ic s " ,  c o n s i s t s  o f  a  fe w  commands 
t h a t  p r o d u c e  g r a p h ic a l  o u tp u t  when a  p rogram  c o n t a in in g  t h e  
commands i s  e x e c u t e d .  The o u tp u t  i s  s p e c i f i e d  by s t a t i n g  
t r a n s l a t i o n a l  and r o t a t i o n a l  v e c t o r s .  A lth o u g h  t h e  la n g u a g e  
w as d e s ig n e d  f o r  u s e  w ith  you n g  c h i l d r e n ,  Logo c o u ld  be u se d  
p r o f i t a b l y  i n  s e c o n d a r y  s c h o o l s  b e c a u s e  o f  i t s  r e l a t i o n  to  
p o la r  c o o r d in a t e s  and v e c t o r s .
The d e v e lo p e r s  o f  Logo p e r fo r m e d  a  c o m p r e h e n s iv e  s tu d y  
o f  t h e  e f f e c t  o f  l e a r n i n g  t h e  la n g u a g e  on  b o th  program m ing  
and m a th e m a tic s  a c h ie v e m e n t  o f  s i x t h  g r a d e r s  a t  t h e  L in c o ln  
S c h o o l i n  B r o o k l in e ,  M a s s a c h u s e t t s ,  d u r in g  t h e  1 9 7 7 -7 8  
s c h o o l  s e s s i o n  ( P a p e r t ,  W a tt, d i  S e s s a ,  and W ier , 1 9 7 9 ) .  
E v ery  s i x t h  g r a d e r  was t a u g h t  L o g o , an d , i n  a d d i t i o n ,  s i x ­
t e e n  s t u d e n t s  w ere  s i n g l e d  o u t  f o r  m ore e x t e n s i v e  s tu d y .
5S ix  o f  t h e s e  s t u d e n t s  s c o r e d  b e lo w  a v e r a g e  on  a c h ie v e m e n t  
t e s t s  and w ere r a t e d  a s  b e lo w  a v e r a g e  by t e a c h e r s ;  s i x  w ere  
l a b e l e d  "above a v e r a g e " ;  t h e  r e m a in in g  s t u d e n t s  w ere a v e r ­
a g e .  The s t u d e n t s  r e c e i v e d  f o u r  h o u r s  o f  Logo t r a i n i n g  p e r  
w eek  f o r  from  f o u r  t o  e i g h t  w e e k s .
The o b j e c t i v e s  f o r  t h e  co m p u ter  program m ing p h a se  o f  
t h e  e x p e r im e n t  a r e  r e l e v a n t  f o r  t h e y  d e m o n s tr a te  t h e  e x p e c ­
t a t i o n s  o f  t h e  d e s ig n e r s  o f  Logo who f e e l  t h a t  s t u d e n t s  
s h o u ld  a c h ie v e  t h e  f o l l o w i n g  g o a l s s
( A l)  The id e a  o f  co m p u ter  program m ing i n  a  fo r m a l  
la n g u a g e ;  i t s  s y n t a x ,  e f f e c t ,  and a s s o c i a t e d  e r r o r  
m e s s a g e s ;  t h e  LOGO commands FORWARD, RIGHT, e t c .  
and t h e  a r i t h m e t i c  o p e r a t io n s ;
(A 2) The i d e a  o f  s e q u e n t i a l  p r o c e d u r e  and t h e  
a b i l i t y  t o  t r a n s l a t e  an in f o r m a l ly  d e f in e d  p la n  
i n t o  a  w o rk in g  p rogram ; t h e  LOGO commands TO, END;
(A 3) The u s e  o f  s u b p r o c e d u r e s  and s u p e r p r o c e d u r e s ;
( a4 )  E d i t in g  and d e b u g g in g ;  LOGO commands EDIT,
PO, POTS, e t c . ;
( B l )  C o n tr o l o f  c o n t in u in g  p r o c e s s e s  w ith  lo o p s  
a n d /o r  r e c u r s i o n s ;
(B 2) U se o f  v a r i a b l e s ;
(B3 ) C o n d i t io n a l s  and s t o p  r u l e s ;  and
( b4 )  W r it in g  i n t e r a c t i v e  p r o g r a m s. (P a p e r t  e t  a l . ,
1 9 7 9 s  1 1 )
O n ly  two o f  s i x t e e n  s t u d e n t s  f a i l e d  t o  m eet t h e  o b j e c t i v e s  
l i s t e d  f o r  minimum program m ing p r o f i c i e n c y ,  t h o s e  w h ich  a r e  
i n d i c a t e d  a s  A l th r o u g h  A4. B oth  o f  t h e s e  s t u d e n t s  w ere  i n  
th e  lo w e r  q u a r t i l e  i n  s c h o o l  p e r fo r m a n c e  (P a p e r t  e t  a l . ,
1979  m‘  2 0 ) .  T h is  p r o v id e d  e v id e n c e  t h a t  Logo can  be u se d  to  
t e a c h  t h e  c o n c e p t  o f  a  co m p u ter  p rogram  and i n i t i a l  com put­
e r  program m ing s k i l l s .
C h ild r e n  seem  to  e n j o y  L o g o , and many u s e r s  o f  t h e
6la n g u a g e  h a v e  c o n s o l i d a t e d  t o  e x c h a n g e  i d e a s .  One u s e r  
gro u p  i s  com posed o f  you n g  p e o p le  in v o lv e d  i n  an a d u l t - l i k e  
o r g a n i z a t io n .  T h is  c lu b  i s  d e s c r ib e d  in  E d u c a t io n a l  
Com puter M agazin e  ( 1 9 8 2 ) .  The Young P e o p le s '  LOGO A s s o c i ­
a t io n  w as fo rm ed  i n  R ic h a r d s o n , T e x a s , by a  man and h i s  
l e a r n i n g  d i s a b l e d  s o n .  The o r i g i n a l  p u r p o se  o f  t h e  grou p  
w as to  s e r v e  a s  a  c e n t r a l  r e p o s i t o r y  f o r  Logo s o f t w a r e ;  
s e c o n d a r y  g o a l s  in c lu d e  p r o m o tin g  t h e  e d u c a t io n a l  u s e  o f  
co m p u ters  and t r a i n i n g  t h e  h a n d ic a p p e d . T h is  a s s o c i a t i o n  
h a s  d e v e lo p e d  an a p p r e n t ic e  p rogram  f o r  s e c o n d a r y  s t u d e n t s  
who d e s i r e  a  c a r e e r  i n  co m p u ter  s c i e n c e  w h ere t h e y  a r e  
t a u g h t  Logo a s  a  su p p le m e n ta r y  program m ing la n g u a g e  (M u lle r  
and M u lle r ,  1 9 8 2 ) .  L a r r y , a  l e a r n i n g - d i s a b l e d  e ig h t h  
g r a d e r ,  i s  a b le  to  program  a  com p u ter  and e n jo y s  d o in g  i t .  
Com puter p rogram m in g, t h e n ,  i s  n o t  r e s t r i c t e d  to  t h e  i n t e l ­
l e c t u a l l y  e l i t e .
The BASIC program m ing a c h ie v e m e n t  o f  s t u d e n t s  who l e a r n  
Logo b e f o r e  l e a r n i n g  BASIC i s  com pared to  t h e  a c h ie v e m e n t  
i n  BASIC program m ing o f  s t u d e n t s  who a r e  ta u g h t  t h e  BASIC 
la n g u a g e  e x c l u s i v e l y .  S in c e  p u r c h a s in g  t h e  Logo la n g u a g e  
o p t io n  f o r  a  m ic ro c o m p u ter  i s  an added e x p e n s e ,  t h e  e f f e c ­
t i v e n e s s  o f  i t s  u s e  i n  program m ing i n s t r u c t i o n  a t  t h e  s e c ­
o n d a ry  l e v e l  s h o u ld  b e i n v e s t i g a t e d .
S ta te m e n t  o f  t h e  P roblem
T h is  s tu d y  com pared t h e  a c h ie v e m e n t  i n  BASIC com p u ter
7program m ing o f  s e c o n d a r y  m a th e m a tic s  s t u d e n t s  who w ere  
t a u g h t  b o th  BASIC and Logo t o  t h o s e  i n s t r u c t e d  o n ly  i n  
BASIC. The e x p e r im e n ta l  g ro u p  d e s ig n e d  p rogram s i n  th e  
Logo la n g u a g e  f o r  a  s p e c i f i e d  p e r io d  o f  t im e  b e f o r e  c r e a t ­
in g  p rogram s u s in g  t h e  BASIC la n g u a g e .  The c o n t r o l  grou p  
program m ed i n  BASIC f o r  t h e  e n t i r e  t r e a tm e n t  p e r i o d .  The 
m ea su red  c r i t e r i o n  was t h e  s c o r e  a c h ie v e d  on  a  BASIC p r o ­
gram m ing t e s t  p r e p a r e d  by  t h e  r e s e a r c h e r .
The f o l l o w i n g  h y p o t h e s e s  w ere  t e s t e d s
1 .  T h ere i s  no s i g n i f i c a n t  d i f f e r e n c e  i n  a c h ie v e m e n t  
i n  BASIC com p u ter  program m ing b e tw e en  s e c o n d a r y  m a th e m a tic s  
s t u d e n t s  who a r e  t a u g h t  program m ing u s in g  BASIC a f t e r  t h e y  
l e a r n e d  Logo and t h o s e  who a r e  t a u g h t  program m ing u s in g  
o n ly  BASIC.
2 .  T h ere  i s  no s i g n i f i c a n t  d i f f e r e n c e  i n  co m p u ter  p r o ­
gram m ing a c h ie v e m e n t  b e tw e e n  s e c o n d a r y  g e o m e tr y  s t u d e n t s  
and s e c o n d a r y  a lg e b r a  I I  s t u d e n t s .
3 .  T h ere  i s  no s i g n i f i c a n t  i n t e r a c t i o n  b e tw e e n  ty p e  o f  
m a th e m a tic s  c o u r s e  ( a lg e b r a  v s .  g e o m e tr y )  and t y p e  o f  t r e a t ­
m ent (BASIC w ith  Logo v s .  BASIC a l o n e ) .
C o n c e p t u a l iz a t io n s
Logo o r  LOGO i s  a  s im p le ,  s p e c ia l - p u r p o s e ,  h ig h  l e v e l  
program m ing la n g u a g e  w it h  r e l a t i v e l y  fe w  commands t h a t  was 
d e s ig n e d  to  b e an i n i t i a l  program m ing la n g u a g e  f o r  c h i l d r e n .  
T u r t le  g r a p h ic s  commands i n  Logo c o n s i s t  o f  w ord s d e n o t in g
d i r e c t i o n  and n u m e r a ls  to  d e s ig n a t e  a n g le s  o r  am ount o f  
l a t e r a l  m o t io n . Logo p r o d u c e s  p r im a r i ly  g r a p h ic a l  o u t p u t .
BASIC. B e g in n e r ' s  A l l -P u r p o s e  S y m b o lic  I n s t r u c t i o n  C ode, 
i s  a  g e n e r a l  p u r p o s e ,  h ig h  l e v e l ,  i n i t i a l  program m ing l a n ­
g u a g e  t h a t  i n c l u d e s  commands f o r  n u m e r ic , c h a r a c t e r ,  and  
g r a p h ic a l  o u t p u t .  I n s t r u c t i o n s  i n  BASIC c o n s i s t  o f  a l g e ­
b r a ic  fo r m u la s  o r  a lp h a n u m er ic  c h a r a c t e r s  u se d  i n  a s s o c i a ­
t i o n  w ith  c e r t a i n  E n g l i s h  k ey w o rd s and sy m b o ls  f o r  v a r i a ­
b l e s .  BASIC program m ing can  be u se d  i n  a  v a r i e t y  o f  a p p l i ­
c a t i o n s  i n  d iv e r s e  f i e l d s .
A com p u ter  program  i s  a  s t e p - b y - s t e p  p la n  f o r  s o l v i n g  a  
p ro b lem  w r i t t e n  i n  a  la n g u a g e  t h a t  co m m u n ica tes  w ith  t h e  com­
p u t e r .  C r e a t in g  a  program  i s  c a l l e d  com p u ter  p rogram m in g .
The term  c o m p u te r , i n  t h i s  s t u d y ,  r e f e r s  t o  a  m icrocom ­
p u t e r .  A m ic r o co m p u te r  h a s  a  r e l a t i v e l y  s m a ll  am ount o f  
a c c e s s i b l e  memory, o f t e n  6 4 K o r  l e s s ,  and i s  c o n s t r u c t e d  so  
t h a t  t h e  c e n t r a l  p r o c e s s i n g  u n i t  i s  an i n t e g r a t e d  c i r c u i t  
on a m ic r o p r o c e s s o r  c h i p .  I t  i s  a  s i n g l e  u s e r  d e v i c e .
The r e s e a r c h e r  c o n s id e r s  a  s e c o n d a r y  s t u d e n t  to  b e  any  
s t u d e n t  e n r o l l e d  i n  a  g e o m e tr y  c l a s s  o r  an a lg e b r a  I I  c l a s s  
i n  a  S t .  Mary P a r is h  p u b l i c  s c h o o l  r e g a r d l e s s  o f  t h e  g ra d e  
p la c e m e n t  o f  t h e  s t u d e n t .  The p u b l i c  s c h o o l s  i n  S t .  Mary 
P a r is h  t h a t  o f f e r  c l a s s e s  i n  g e o m e tr y  o r  a lg e b r a  I I  a r e  
B erw ick  H igh  S c h o o l ,  C e n t e r v i l l e  H igh  S c h o o l ,  F r a n k lin  
S e n io r  H igh S c h o o l ,  Morgan C i t y  H igh  S c h o o l ,  and P a t t e r s o n  
H igh S c h o o l .
CHAPTER TWO
Review of Related Literature
A lth o u g h  t h e r e  a r e  o v e r  1 7 * 0 0 0 ,0 0 0  m ic r o c o m p u te r s  i n  
U n ite d  S t a t e s  s c h o o l s  { L ia s ,  1 9 8 2 ) ,  t h e r e  i s  l i t t l e  a g r e e ­
m ent a b o u t who w i l l  t e a c h  co m p u ter  s k i l l s  i n  t h o s e  s c h o o l s .  
T h is  f a c t  i s  o b v io u s  when o n e  r e v ie w s  t h e  r e s u l t s  o f  a  
s u r v e y  s p o n s o r e d  by N o rth  T ex a s  S t a t e  U n i v e r s i t y  i n  w h ich  
t h e  c h i e f  e d u c a t io n  o f f i c i a l  o f  e a ch  o f  t h e  5 0  s t a t e s  r e ­
p o r te d  on  t h e  s t a t u s  o f  co m p u ter  s c i e n c e  c e r t i f i c a t i o n  in  
h i s / h e r  s t a t e  (T a y lo r  and P o i r o t ,  1 9 8 3 )*  R e sp o n se s  t o  th e  
s u r v e y  i n d i c a t e  t h a t  co m p u ter  s c i e n c e  c e r t i f i c a t i o n  a s  an 
e n t i t y  i s  a v a i l a b l e  i n  o n ly  f o u r  s t a t e s .  T h ose  s t a t e s  t h a t  
r e p o r t e d  c e r t i f i c a t i o n  a s  p a r t  o f  a n o th e r  d i s c i p l i n e  l i s t e d  
t h e  a r e a s  o f  m a th e m a t ic s ,  b u s i n e s s ,  s c i e n c e ,  and i n d u s t r i a l  
a r t s  a s  t h o s e  w h ich  c o u ld  b e  com b in ed  w it h  co m p u ter  s c i e n c e  
f o r  c e r t i f i c a t i o n  p u r p o s e s .  I n  t h e  s t a t e s  t h a t  had no r e ­
q u ir e m e n ts  a t  a l l ,  m a th e m a tic s  w as t h e  s u b j e c t  a r e a  from  
w h ich  m ost o f  t h e  co m p u ter  s c i e n c e  t e a c h e r s  w ere  r e c r u i t e d .
S in c e  so  much co m p u ter  s c i e n c e  i s  t a u g h t  b y  m a th e m a tic s  
t e a c h e r s ,  t h e  s u b j e c t  f r e q u e n t l y  h a s  a  m a th e m a tic a l f l a v o r .  
I n  a d d i t i o n ,  many t e a c h e r s  a r e  u s in g  t h e  co m p u ter  a s  a  
p ro b lem  s o l v i n g  t o o l  i n  t h e  m a th e m a tic s  c la s s r o o m  w h ich  
i n v o l v e s  t e a c h in g  s t u d e n t s  how t o  program  a n d , m o st l i k e l y ,
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how t o  program  i n  an a b b r e v ia t e d  p e r io d  o f  t im e .  I n v e s t i ­
g a t i o n  o f  t h e  e f f e c t s  o f  two m eth o d s  o f  t e a c h in g  p rogram ­
m ing i n  a  r e d u c e d  t im e  fra m e on  s t u d e n t  a c h ie v e m e n t  w as t h e  
m a jo r  r e s e a r c h  q u e s t i o n  o f  t h i s  s t u d y .
C om puters and Program m ing  
S e v e r a l  w e ll-k n o w n  n a t i o n a l  o r g a n i z a t io n s  h a v e  r e c o g ­
n iz e d  t h e  im p o r ta n c e  o f  co m p u ter  e d u c a t io n  by p u b l i s h in g  
s t a t e m e n t s  t h a t  r e f l e c t  i t s  s i g n i f i c a n c e .  In  1972  th e  
C o n fe r e n c e  B oard o f  t h e  M a th e m a tic a l S c i e n c e s  C om m ittee  
recom m ended t h e  i n s t i t u t i o n  o f  a  co m p u ter  l i t e r a c y  c o u r s e  
f o r  a l l  j u n io r  h ig h  s c h o o l  s t u d e n t s  f o l l o w e d  by a  BASIC 
program m ing c o u r s e  t h a t  e m p h a s iz e s  p ro b lem  s o l v i n g  (H u n te r ,  
K a s tn e r , R u b in , and S e i d e l ,  1975* 2 7 6 ) .  T h is  recom m enda­
t i o n  w as c o n c e iv e d  b e f o r e  t h e  d e v e lo p m e n t  o f  m ic ro co m p u ter  
h ard w are so  fe w  s c h o o l s  w ere  a b le  t o  a c t  on  th e  s t a t e m e n t .  
The same v ie w p o in t  w as fo u n d  i n  a  1 9 8 0  p u b l i c a t i o n  o f  t h e  
N a t io n a l  C o u n c il o f  T e a c h e r s  o f  M a th e m a tic s  w h ich  a d v o c a te d  
t h a t  " m a th e m a tic s  p ro g ra m s m ust t a k e  f u l l  a d v a n ta g e  o f  c a l ­
c u l a t o r s  and co m p u ter s  a t  a l l  g r a d e  l e v e l s "  ( N a t io n a l  
C o u n c il  o f  T e a c h e r s  o f  M a th e m a t ic s , 1980* 8 ) .  Some o f  t h e  
m eans recom m ended t o  a c c o m p lis h  t h i s  g o a l  in c lu d e  t h e  i n t e ­
g r a t i o n  o f  c a l c u l a t o r s  and c o m p u te r s  i n t o  c o r e  m a th e m a tic s  
c o u r s e s ,  t h e  d e v e lo p m e n t  o f  a  co m p u ter  l i t e r a c y  c o u r s e  f o r  
a l l  s t u d e n t s  t o  f a m i l i a r i z e  them  w it h  t h e  r o l e  o f  t h i s  
e l e c t r o n i c  d e v ic e  and i t s  im p a c t ,  and t h e  f o r m u la t io n  o f  a
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s e c o n d a r y  co m p u ter  s c i e n c e  c o u r s e  o f  s u f f i c i e n t  d e p th  and  
b r e a d th  t o  p r o v id e  s t u d e n t s  w ith  a  b ack grou n d  f o r  a d v a n ced  
w ork i n  co m p u ter  s c i e n c e .  S im i la r  reco m m en d a tio n s  w ere  
p r e p a r e d  by t h e  N a t io n a l  C o u n c il o f  S u p e r v is o r s  o f  M athe­
m a t ic s  ( N a t io n a l  C o u n c il  o f  T e a c h e r s  o f  M a th e m a tic s , 1 9 7 8 ) .
Each o f  t h e s e  s e t s  o f  reco m m e n d a tio n s  w as d e v e lo p e d  by  
a n a t io n a l  o r g a n i z a t io n  w h ich  s e r v e s  m a th e m a tic s  e d u c a t io n .  
I n  f a c t ,  t h e  h i s t o r y  o f  t h e  com p u ter  i s  c l o s e l y  t i e d  t o  t h e  
f i e l d  o f  m a th e m a t ic s .  Many o f  t h e  p io n e e r s  i n  t h e  d e v e lo p ­
m ent o f  co m p u ters  ( e . g . ,  B l a i s e  P a s c a l ,  G o t t f r i e d  L e i b n i t z ,  
C h a r le s  B a b b a g e , Ada C o u n te ss  o f  L o v e la c e ,  Howard A ik e n ,
John von  Neumann, S t a n i s la w  Ulam , John Kemeny, P a t r ic k  
S u p p e s , and Seym our P a p e r t )  w ere  m a th e m a t ic ia n s  ( P i e l e ,
1 9 8 2 ;  1 3 2 ) .  The a r e a s  o f  m a th e m a tic s  and com p u ter s c i e n c e  
h a v e  b ee n  c l o s e l y  a l l i e d  from  t h e  b e g in n in g .
A r e p o r t  from  t h e  N a t io n a l  C o u n c il on  E x c e l l e n c e  i n  
E d u c a t io n , A N a t io n  a t  R is k ;  The I m p e r a t iv e  f o r  E d u c a t io n a l  
R eform , s t a t e d  t h a t  a l l  U n ite d  S t a t e s  s e c o n d a r y  s c h o o l s  
s h o u ld  e m p h a s iz e  f i v e  b a s i c  s k i l l s ,  E n g l i s h ,  m a th e m a t ic s ,  
s c i e n c e ,  s o c i a l  s t u d i e s ,  and co m p u ter  s c i e n c e  (M orning  
A d v o c a te , 1983*  l )  i n  o r d e r  to  im p ro v e  t h e  q u a l i t y  o f  e d u c a ­
t i o n  i n  A m erican  s c h o o l s .  T h is  c o m m itte e  recom m ended r e ­
q u ir in g  o n e - h a l f  u n i t  o f  co m p u ter  s c i e n c e  f o r  a l l  s t u d e n t s .
T h o u g h ts  o f  co m p u ter  s c i e n c e  a s  a  b a s i c  s k i l l  h a v e  b e e n  
e x p r e s s e d  by o t h e r  i n d i v i d u a l s  p r i o r  to  t h e  r e p o r t  o f  t h e  
N a t io n a l  C om m ittee on  E x c e l l e n c e  i n  E d u c a t io n . In  1 9 8 1 ,
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A rth u r  Luehrm ann, th e n  th e  a s s o c i a t e  d i r e c t o r  o f  th e  
L aw ren ce H a ll  o f  S c ie n c e  a t  t h e  U n i v e r s i t y  o f  C a l i f o r n i a  a t  
B e r k e le y  and o u tsp o k e n  a d v o c a te  o f  t e a c h in g  co m p u ter  p r o ­
gram m ing to  a l l  s t u d e n t s i  e x p r e s s e d  t h e  f o l l o w i n g  argum ent  
f o r  i n c l u d i n g  c o m p u tin g  in  th e  s c h o o l  c u r r ic u lu m i
C om puting b e lo n g s  a s  a  r e g u la r  s c h o o l  s u b j e c t  
f o r  t h e  same r e a s o n  t h a t  r e a d in g ,  w r i t i n g ,  and  
m a th e m a tic s  a r e  t h e r e .  Each on e g i v e s  t h e  s t u d e n t  
a  b a s i c  i n t e l l e c t u a l  t o o l  w ith  w id e  a r e a s  o f  a p p l i ­
c a t i o n .  Each o n e  g i v e s  t h e  s t u d e n t  a  d i s t i n c t i v e  
m eans o f  t h in k in g  a b o u t and r e p r e s e n t i n g  a  p r o b le m , 
o f  w r i t i n g  h i s  o r  h e r  th o u g h t s  down, o f  s t u d y in g  
and c r i t i c i z i n g  t h e  th o u g h ts  o f  o t h e r s ,  and o f  r e ­
t h in k in g  and r e v i s i n g  i d e a s ,  w h e th er  t h e y  a r e  em­
b o d ie d  i n  a  p a r a g r a p h  o f  E h g l i s h ,  a  s e t  o f  m a th e­
m a t ic a l  e q u a t io n s ,  o r  a  com p u ter p rogram . S tu d e n t s  
n e e d  p r a c t i c e  and i n s t r u c t i o n  i n  a l l  t h e s e  b a s i c  
m odes o f  e x p r e s s in g  and co m m u n ica tin g  i d e a s .
(Luehrm ann, 1 9 8 1 :  6 8 6 )
I n  an e a r l i e r  r e p o r t  Luehrmann p r e d ic t e d  t h a t  t h e  " a b i l i t y  
to  u s e  co m p u ter s  w i l l  b e  ju d ged  a  b a s i c  s k i l l  i n  t h e  n e a r  
fu tu r e "  (Luehrm ann, I 9 8 0 d :  15*0» b u t h e bem oaned t h e  la c k  
o f  a  r e c o g n iz e d  c u r r ic u lu m  f o r  t e a c h in g  co m p u ter  s k i l l s  and 
t h e  a b se n c e  o f  a  m ethod  to  m easu re  co m p eten cy  i n  c o m p u tin g .
A n o th er  e d u c a t o r ,  E i l e e n  K. G r e s s ,  i d e n t i f i e s  com p u ter  
l i t e r a c y  a s  a  b a s i c  s k i l l  and r e p o r t s  t h a t  s h e  i s  c e r t a i n  
t h a t  some form  o f  co m p u ter  e d u c a t io n  w i l l  becom e a  p a r t  o f  
t h e  s c h o o l  c u r r ic u lu m  (G r e s s ,  1 9 8 1 ) .  I n  an o f t e n - q u o t e d  
s t o r y ,  Luehrmann ( 1 9 8 0 c )  m akes t h e  p o in t  t h a t  co m p u tin g  i s  
a s  n e c e s s a r y  t o  a  p e r s o n  a s  i s  t h e  s k i l l  o f  w r i t i n g .  In  
o r d e r  t o  a s s e r t  t h e  s i g n i f i c a n c e  o f  e v e r y  s t u d e n t  p o s s e s ­
s in g  com p u ter  s k i l l s ,  Luehrmann d e s c r i b e s  th e  u n iq u e
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c o n t e n t  o f  a  com p u ter  c l a s s  by p o i n t i n g  o u t  t h a t :
The n e x t  s t e p  w i l l  be t h e  c r e a t i o n  o f  new  
c o u r s e s  s p e c i f i c a l l y  t o  t e a c h  th e  o r d in a r y  s t u d e n t s  
. . .  how to  u se  c o m p u ter s  f o r  a  v a r i e t y  o f  t a s k s ,  
b o th  n u m er ic  and n o n -n u m e r ic . T h ese  ' b a s i c  com put­
in g  s k i l l s '  c o u r s e s  w i l l  t e a c h  a b o u t a lg o r i t h m s ,  
w r i t i n g  and d e b u g g in g  p r o g r a m s, r u n n in g  s im u la t io n  
m o d e ls ,  e d i t i n g  t e x t ,  and d ra w in g  g r a p h s  and  
p i c t u r e s .  (L uehrm ann, 1 9 8 0 a :  1 4 5 )
Some o f  t h e  s k i l l s  a c q u ir e d  i n  com p u ter  c l a s s e s  ca n  be p r e ­
s e n t e d  e a s i l y  i n  c o n j u n c t io n  w ith  t h e  e l e c t r o n i c  m edium , 
b u t t h e  same s k i l l s  a r e  p r e s e n t e d  w ith  much d i f f i c u l t y  
e ls e w h e r e  i n  t h e  c u r r ic u lu m .
Two s c h o o l  o f f i c i a l s  i n  New York e n v i s i o n  t h e  d ay when 
e a c h  A m erican  c h i l d  w i l l  own a t  l e a s t  o n e  p e r s o n a l  com p u ter  
(S o b o l and T a y lo r ,  1 9 8 0 :  155)>  and J u d ith  H op p er, a  j u n io r  
h ig h  s c h o o l  t e a c h e r  i n  C o lo r a d o , s e e s  co m p u ter  e d u c a t io n  a s  
n e c e s s a r y  f o r  t h e  f u t u r e  c i t i z e n  so  t h a t  h e / s h e  w i l l  h a v e  
" b e t t e r  c a r e e r  o p p o r t u n i t i e s  and l e s s  c a r e e r  shock"
(H op p er , 1 9 8 0 :  6 2 ) .  S e v e r a l  e d u c a t o r s  c o n s id e r  a  p e r s o n  to  
b e com p u ter  l i t e r a t e  o n ly  i f  h i s / h e r  e d u c a t io n  c o n t a in s  
some program m ing ( e . g . ,  R e i t z ,  1 9 8 3 ; W a tt, 1 9 8 2 c ) .  Gay 
R e i t z ,  an e le m e n ta r y  s c h o o l  t e a c h e r  i n  New Y ork , v ie w s  p r o ­
gram m ing a s  t h e  o n ly  m eth od  by w h ich  c h i ld r e n  can  u n d er ­
s ta n d  and u s e  co m p u te r s  i n  a r e a l i s t i c  m anner ( R e i t z ,  1983*  
2 6 ) .  D an ; b“ W att (1 9 8 2 a :  4 5 )  d e s c r i b e s  t h e  a d v e n t  o f  th e  
m ic ro co m p u ter  a s  an im p e tu s  f o r  o f f e r i n g  co m p u ter  program ­
m ing to  s t u d e n t s  o f  a l l  a g e s .
D on a ld  N o r r is  ( 1 9 8 1 ) ,  a  c o l l e g e  p r o f e s s o r  from  Ohio
U n i v e r s i t y ,  p r o p o se d  t h a t  c o l l e g e  p r e p a r a to r y  m a th e m a tic s  
be a l t e r e d  by r e p l a c i n g  p la n e  g e o m e tr y  w ith  com p u ter p r o ­
gram m ing. T h is  w ou ld  mean t h a t  t h e  c o r e  c o u r s e s  i n  m a th e­
m a t ic s  f o r  t h e  c o l l e g e - b o u n d  s t u d e n t  w ou ld  in c lu d e  two 
y e a r s  o f  a lg e b r a  and o n e  y e a r  e a c h  o f  com p u ter  program m ing  
and a  p r e c a l c u l u s  s u r v e y .  E l e c t i v e s  t o  t h i s  p r o p o se d  c u r ­
r ic u lu m  c o u ld  in c lu d e  p la n e  g e o m e tr y , c a l c u l u s ,  o r  a  h ig h e r  
l e v e l  co m p u ter  c l a s s .  Some o f  t h e  b e n e f i t s  a c c r u e d  from  
l e a r n i n g  to  program  a  co m p u ter  in c lu d e  p r a c t i c e  i n  l o g i c  
and p r e c i s i o n  (S o b o l and T a y lo r ,  1 9 8 0 ) ,  two o f  t h e  r e a s o n s  
o f t e n  e x p r e s s e d  f o r  s t u d y in g  p la n e  g e o m e tr y . S in c e  program ­
m ing a l lo w s  s t u d e n t s  a c c e s s  to  t h e  com p u ter  and s in c e  u se  
o f  t h e  m a ch in e  m o t iv a t e s  t h e  s t u d e n t ,  A tc h is o n  (1 9 7 8 )  a s k s  
t h a t  t e a c h e r s  s t r u c t u r e  c o u r s e s  so  t h a t  s t u d e n t s  b e g in  
a c t u a l  w ork on  t h e  co m p u ter  w i t h in  t h e  f i r s t  fe w  d a y s  o f  
c l a s s .
T h ere a r e  many o t h e r  b e n e f i t s  o f  t e a c h in g  co m p u ter  p r o ­
gram m ing. Program m ing a l lo w s  t h e  o p e r a t o r  to  c o n t r o l  th e  
m ach in e  (L uehrm ann, 1 9 8 0 c ;  W a tt, 1 9 8 2 c ) ;  t h i s  f e e l i n g  o f  
c o n t r o l  o v e r  t e c h n o lo g y  g i v e s  a  s t u d e n t  s e l f - c o n f i d e n c e  
(W a tt, 1 9 8 2 c ) .  O th er  a s p e c t s  o f  l e a r n i n g  a s s o c i a t e d  w ith  
com p u ter program m ing i n v o l v e  t h e  d e v e lo p m e n t o f  a  s e t  o f  
p ro b lem  s o l v i n g  s t r a t e g i e s ,  g a i n i n g  an u n d e r s ta n d in g  o f  t h e  
s u b j e c t  m a tte r  o f  t h e  p ro g ra m , and s t u d y in g  a b o u t a b s t r a c t  
m a c h in e s  (A b b o tt ,  1 9 7 9 ; S o b o l and T a y lo r ,  1 9 8 0 ; W a tt,
1 9 8 2 c ) .  In  a  s ta t e m e n t  p r e s e n t e d  t o  t h e  H ouse C om m ittee on
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S c ie n c e  and T e c h n o lo g y , A rth u r  Luehrm ann d e s c r ib e d  th e  
s k i l l s  a c q u ir e d  when o n e  l e a r n s  how to  u s e  t h e  co m p u ter  a s  
"program m ing, s t r u c t u r a l  t h in k i n g ,  and c r i t i c a l  e v a lu a t io n  
o f  co m p u ter  a p p l i c a t i o n s . . .  s k i l l s  t h a t  a r e  p r e s e n t l y  l a c k ­
i n g  i n  t h e  p u b l i c . . . "  {Luehrm ann, 1980b* 1 3 7 ) •  D ev e lo p m en t  
o f  p ro b lem  s o l v i n g  s k i l l s  th r o u g h  program m ing i s  i d e n t i f i e d  
b y E i l e e n  G r e s s ,  a  m a th e m a tic s  t e a c h e r  i n  New Y ork , a s  t h e  
a r e a  o f  g r e a t e s t  co m p u ter  im p a c t (G r e s s ,  1981*  4 2 ) .
B e v e r ly  H u n ter  (1 9 8 2 )  c o n d u c te d  a  r e v ie w  o f  co m p u ter  
e d u c a t io n  h i s t o r i c a l l y  from  1 9 4 9 . H i g h l i g h t s  o f  t h e  h i s ­
t o r y  in c lu d e  t h e  o r g a n i z a t io n  o f  t h e  f i r s t  co m p u ter  c l a s s  
i n  a  s e c o n d a r y  s c h o o l  i n  1 9 6 1 , t h e  i n v e n t i o n  o f  t h e  BASIC 
program m ing la n g u a g e  i n  1 9 6 3 , and th e  d e v e lo p m e n t o f  t h e  
p e r s o n a l  co m p u ter  i n  1975* In  1963  o n ly  13 p e r c e n t  o f  th e  
s e c o n d a r y  s c h o o l s  i n  t h e  U n ite d  S t a t e s  u se d  co m p u te rs  i n  
some form  o f  i n s t r u c t i o n ;  by 1 9 7 3  "the f i g u r e  had  r i s e n  to  
2 6 .7  p e r c e n t .  The r e l a t i v e l y  s h o r t  h i s t o r y  o f  co m p u ter  
e d u c a t io n  a c c o u n t s ,  i n  p a r t ,  f o r  t h e  l a c k  o f  a  s ta n d a r d  
co m p u ter  s c i e n c e  c u r r ic u lu m  and f o r  th e  la c k , o f  a g reem en t  
c o n c e r n in g  t h e  c o n t e n t  o f  co m p u ter  s k i l l s  c o u r s e s .  R o b ert  
D. G i l b e r t s ,  Dean o f  t h e  C o l le g e  o f  E d u c a t io n  a t  t h e  U n i­
v e r s i t y  o f  O reg o n , d e s c r i b e s  t h e  " fo u r th  o r  f i f t h  g e n e r ­
a t i o n  o f  c o m p u te rs  i n  t h e  's e c o n d  co m p u ter  r e v o l u t i o n '  f o r  
t h e  w orld "  a s  t h e  " f i r s t  co m p u ter  r e v o l u t i o n  f o r  s c h o o ls "  
( G i l b e r t s ,  1982* 4 ) .  He s u g g e s t s  t h a t  t h e  a b s e n c e  o f  s o ­
l i d i f i e d  u sa g e  o f  co m p u te r s  i n  e d u c a t io n  i s  due t o  th e
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h ig h  c o s t  o f  h ard w are and t h e  r a p id  c h a n g e s  i n  t h e  t e c h n o l ­
o g y  o f  t h e  e l e c t r o n i c  m a c h in e .
A s u r v e y  o f  s t u d e n t s  e n r o l l e d  i n  a  co m p u ter  e d u c a t io n  
program  t a u g h t  a t  s e v e n t y - f o u r  s e c o n d a r y  s c h o o l s  i n  Yugo­
s l a v i a  r e v e a l e d  t h a t  h a l f  o f  t h e  s t u d e n t  r e s p o n d e n t s  
th o u g h t  t h a t  a l l  s t u d e n t s  s h o u ld  t a k e  co m p u ter  s c i e n c e  
c l a s s e s ;  33  p e r c e n t  r e p l i e d  t h a t  co m p u ter  s c i e n c e  s h o u ld  be  
an a v a i l a b l e  e l e c t i v e  (B r a th o , R a j k o v ic ,  and R o b le k , 1 9 7 5 )*  
T h ir t y - f o u r  p e r c e n t  o f  t h e i r  t e a c h e r s  r e sp o n d e d  t h a t  
co m p u ter  s c i e n c e  s h o u ld  be a  r e q u ir e d  c o u r s e ;  4-8 p e r c e n t  o f  
them  th o u g h t  t h a t  i t  s h o u ld  be an e l e c t i v e .  W hether  
co m p u ter  s c i e n c e  s h o u ld  be a  n e c e s s a r y  com ponent o f  g e n e r a l  
e d u c a t io n  y i e l d e d  a  m ore p ro n o u n ce d  t r e n d  w h ere 87 p e r c e n t  
o f  t h e  s t u d e n t s  and 91 p e r c e n t  o f  t h e  t e a c h e r s  v ie w e d  
co m p u ter  s c i e n c e  a s  an e s s e n t i a l  p a r t  o f  g e n e r a l  e d u c a t io n .
D a n ie l  W att (1 9 8 2 a )  p o i n t s  o u t  t h a t  many c o l l e g e s  w i l l  
so o n  r e q u ir e  co m p u ter  program m ing f o r  a d m is s io n  a s  H arvard  
d o e s  now . S in c e  p r e p a r a t io n  f o r  c o l l e g e  i s  o n e  o f  t h e  
g o a l s  o f  s e c o n d a r y  e d u c a t io n ,  program m ing w i l l  be empha­
s i z e d  m ore i n  p r e - c o l l e g e  e d u c a t io n  from  n e c e s s i t y  i f  n o t  
from  p e r c e iv e d  b e n e f i t s .  A s u r v e y  o f  t e a c h e r s  i n  M in n e so ta  
r e v e a le d  t h a t  o n ly  32 p e r c e n t  o f  M in n e so ta  t e a c h e r s  th o u g h t  
t h a t  a l l  s t u d e n t s  s h o u ld  be a b le  t o  w r i t e  a  co m p u ter  p r o ­
gram  (H a n sen , K la s s e n ,  A n d erso n , and J o h n so n , 1981*  ^ 6 9 ) .  
R e s u l t s  o f  t h e  same s u r v e y  i n d i c a t e d  t h a t  m a th e m a tic s  
t e a c h e r s  i n  M in n e so ta  u s e  c o m p u te r s  i n  t h e i r  c l a s s e s  to
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t e a c h  t e r m in a l  o p e r a t i o n ,  p rogram m in g , and s t u d e n t  p ro b lem  
s o l v i n g ,  i n  t h a t  o r d e r .  O th er  s u r v e y s  on  co m p u ter  u sa g e  
r e p o r t  t h a t  co m p u ters  a r e  u t i l i z e d  i n  M ontana t o  t e a c h  
m a th e m a tic s ,  com p u ter  e d u c a t io n ,  and program m ing {D o la n , 
1 9 8 2 i 5 8 ) ,  and t h a t  th r o u g h o u t  t h e  n a t io n  t h e  m o st p o p u la r  
e d u c a t io n a l  u s e s  o f  co m p u te rs  a r e  i n  m a th e m a tic s  a s  
r e p o r t e d  by 79 p e r c e n t  o f  t h e  s c h o o l s  s u r v e y e d  and i n  com­
p u t e r  s c i e n c e  a s  i n d i c a t e d  by 53 p e r c e n t  o f  them  (EL N ew s, 
1 9 8 2 i 1 2 ) .  The l a t e s t  N a t io n a l  A sse s sm e n t  o f  E d u c a t io n a l  
P r o g r e s s  r e p o r t s  t h a t  o n ly  1^ p e r c e n t  o f  1 3 - y e a r  o ld  y o u th s  
and 12 p e r c e n t  o f  1 7 - y e a r  o l d s  h ad  an y  co m p u ter  i n s t r u c t i o n  
i n  t h e i r  m a th e m a tic s  c l a s s  w h i le  o n ly  12 p e r c e n t  o f  j u n io r  
h ig h  r e s p o n d e n t s  and 2 5  p e r c e n t  o f  t h e  o l d e r  s t u d e n t s  had  
a c c e s s  to  co m p u ters  i n  t h e i r  s c h o o l s  { C a r p e n te r , C o r b i t t ,  
K ep n er , L in d q u is t ,  and R e y s , 1980*  6 7 1 ) .  T h u s, t h e  p e r c e p ­
t i o n  o f  t h e  s i g n i f i c a n c e  o f  e d u c a t io n  i n  t h e  u se  o f  t h e  
co m p u ter  h a s  n o t  b e e n  r e a l i z e d .
P rob lem  S o lv in g  
F r e q u e n t ly  an e d u c a t io n a l  b e l i e f  i s  c h a r a c t e r i z e d  b y  a  
s lo g a n .  I n  t h e  1980  y e a r b o o k  o f  t h e  N a t io n a l  C o u n c il  o f  
T e a c h e r s  o f  M a th e m a tic s  t h e  f o l l o w i n g  s t a t e m e n t  w as m adei
I n  t h e  l a t e  f i f t i e s  we had t h e  ' r e v o l u t i o n  i n  
m a t h e m a t ic s ' ; i n  t h e  s i x t i e s  we had 'm odern m a t h ' ; 
i n  t h e  s e v e n t i e s  i t  w as 'b a c k  t o  b a s i c s . '  As we 
e n t e r  t h e  e i g h t i e s ,  t h e  th em e a p p e a r s  t o  b e 'p r o b ­
lem  s o l v i n g . '  { K r u lik ,  1980*  x i v j
I f  t h i s  p r e d i c t i o n  p r o v e s  to  be a c c u r a t e ,  p ro b lem  s o l v i n g
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w i l l  be a  m ajor c o n c e r n  o f  m a th e m a tic s  e d u c a t o r s .
D avid  M oursund (1 9 8 0 :  1 2 7 )  d e s c r i b e s  t h e  co m p u ter  a s  a  
" u n iv e r s a l  t o o l ,  a  new a id  to  p ro b lem  s o l v i n g ."  The r o l e  o f  
t h e  com p u ter i n  t h i s  s i g n i f i c a n t  a r e a  w as d e s c r ib e d  i n  a  
p a p er  p r e s e n t e d  a t  th e  I n t e r n a t i o n a l  F o u n d a t io n  f o r  In fo rm a ­
t i o n  P r o c e s s in g  TC-3 W orking C o n fe r e n c e  on  I n f o r m a t ic s  and 
M a th em a tic s  i n  S e c o n d a r y  S c h o o ls  i n  1977  and sum m arized  by  
t h e  f o l l o w i n g  s ta t e m e n t  s
A sound  a p p ro a ch  t o  p ro b lem  s o l v i n g  i s  p e r h a p s  o n e  
o f  t h e  m ost im p o r ta n t  t h i n g s  t h a t  ca n  b e ta u g h t  a t  
any l e v e l .  I t ' s  q u i t e  n a t u r a l  t o  d e v e lo p  t h i s  in  
com p u ter  s c i e n c e  a n d , i n  p a r t i c u l a r ,  i n  t h e  v a r i ­
o u s  l e v e l s  o f  p rogram m in g . T h is  i s  c e r t a i n l y  an 
a r e a  w here m a th e m a tic s  and com p u ter s c i e n c e  can  
work c o o p e r a t i v e l y  i n  d e v e lo p in g  a  s t u d e n t  i n  h i s  
p ro b lem  s o l v i n g  a b i l i t y .  ( A t c h is o n ,  1 9 7 8 i 2 8 )
D on ald  N o r r is  e x p r e s s e s  t h e  same id e a  when h e  s t a t e s  t h a t  
" i t  r e q u ir e s  a  trem en d o u s  am ount o f  p r o b le m - s o lv in g  a b i l i t y  
t o  make a  com p u ter  s o l v e  a  p rob lem "  ( N o r r i s ,  1 9 8 1 :  2 6 ) .  
E i l e e n  G ress  ( I 9 8 l )  p o i n t s  o u t  t h a t  t h e  p r o c e s s  o f  d e v e l ­
o p in g  a  com p u ter  program  e n c o u r a g e s  d iv e r g e n t  t h in k in g  and 
c r e a t i v i t y ,  two s k i l l s  n e e d e d  f o r  s u c c e s s f u l  p ro b lem  
s o l v i n g .
A f t e r  n o t in g  t h a t  t e a c h in g  p ro b lem  s o l v i n g  s k i l l s  i s  
o n e  o f  an e d u c a t o r ' s  m o st d i f f i c u l t  t a s k s ,  D a n ie l  W att 
(1 9 8 2 c :  1 3 0 )  d e s c r i b e s  co m p u ter  program m ing a s  an " e x c e l ­
l e n t  m eans f o r  d e v e lo p in g  p r o b le m - s o lv in g  s t r a t e g i e s . "
W att r e f e r s  to  p ro b lem  s o l v i n g  t e c h n iq u e s  a s  e s p o u s e d  by  
G eorge P o ly a  and o t h e r s  ( e . g . ,  H u g h es, 1 9 7 6 ; N e w e ll and
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Sim on, 1 9 7 9 ; P e r e ir a -M e n d o z a , 1 9 7 9 ; P o ly a ,  1 9 5 7 ; P o ly a ,  
1 9 6 2 ; P o ly a ,  1 9 6 5 ; R o b iso n , T u c k le ,  and B r is o n ,  1 9 7 2 ;  
R u b in s t e in ,  1 9 7 5 ; W ic k le g r e n , 197*0* Some o f  t h e  s p e c i f i c  
h e u r i s t i c  s k i l l s  ( s e e  A p p en d ix  E f o r  a  l i s t  o f  P o l y a ' s  
h e u r i s t i c  s t r e t e g i e s )  w h ich  a r e  p r a c t i c e d  when o n e  w r i t e s  
a  program  a r e  s u b d iv id in g  t h e  p ro b lem  i n t o  p a r t s ,  c r e a t i v e  
i n t u i t i o n  ( i . e . ,  b e c a u s e  a  p rogram  i s  se ld o m  p e r f e c t  when 
i t  i s  f i r s t  w r i t t e n ) ,  and d e b u g g in g  ( i . e . ,  t e s t i n g ,  com par­
in g  t o  e x p e c t e d  r e s u l t s ,  r e v i s i o n ,  w h ich  c o r r e s p o n d  t o  
P o l y a ' s  " lo o k in g  b ack  s t r a t e g i e s " ) .  S in c e  t h e  com p u ter  
p r o v id e s  im m ed ia te  f e e d b a c k ,  t h e  l e a r n e r  knows w it h o u t  
b e in g  t o l d  i f  a  g iv e n  p la n  f o r  s o l v i n g  a  p ro b lem  n e e d s  
r e v i s i o n  o r  n o t .  T h u s, co m p u ter  program m ing i s  a  v e h i c l e  
f o r  t e a c h in g  p ro b lem  s o l v i n g  b e c a u s e  c r e a t i n g  a  com p u ter  
p rogram , t e s t i n g  i t ,  and m o d ify in g  i t  r e q u i r e s  t h e  same 
a p p ro a ch  and s t r a t e g i e s  a s  d o e s  h e u r i s t i c  p ro b lem  s o l v i n g .
The l i n k  b e tw e en  co m p u ter  program m ing and p ro b lem  
s o l v i n g  i s  t h e  a lg o r i t h m . A c c o r d in g  t o  Horn and P o ir o t  
(1981*  1 8 7 ) ,  an a lg o r i th m  i s  "a p r o c e d u r e  f o r  o r g a n iz in g  a  
l o g i c a l  s e r i e s  o f  s t e p s  t o  s o l v i n g  a  p r o b le m . L o g ic  i s  a  
p r o b le m - s o lv in g  term  t h a t  r e f e r s  t o  p a t t e r n s  f o r  d o in g  
t h in g s  i n  a  s p e c i f i c  o r d e r  b e c a u s e  i t  i s  r e a s o n a b le  to  do 
them  t h a t  w a y ."  D ev e lo p m en t o f  t h e  a lg o r i th m  i s  t h e  m ost  
im p o r ta n t  and m ost d i f f i c u l t  s t e p  i n  s o l v i n g  a  p ro b lem .
The t a s k  o f  t h e  program m er, a s  d e s c r ib e d  by T er ry  W inogard , 
i s  " to d e s ig n  an a lg o r i th m  (o r  a  c l a s s  o f  c o m p u ta t io n s )  f o r
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c a r r y in g  o u t  a  t a s k  and to  w r i t e  i t  down a s  a  c o m p le te  and  
p r e c i s e  s e t  o f  i n s t r u c t i o n s  f o r  a  com p u ter to  f o l lo w "  
(W in ogard , 1979« 3 9 1 ) .  The a lg o r i th m  w h ich  p r e c e d e s  th e  
w r i t i n g  o f  a  com p u ter  program  i s  t h a t  same c o n c e p t  t h a t  i s  
d e s c r ib e d  by  P o ly a  a s  " d e v i s in g  a  p la n ."
A rth u r  Luehrmann (I9 8 0 d »  1 5 ^ ) s t a t e s  t h a t  a  p e r s o n  who 
ca n  d e v i s e  an a lg o r i th m  and com m u n icate  i t  t o  t h e  com p u ter  
i s  t h e  p o s s e s s o r  o f  "a new  i n t e l l e c t u a l  t o o l  o f  b a s i c  im p o r­
t a n c e  t o  v i r t u a l l y  e v e r y  s u b j e c t  m a tte r  now b e in g  t a u g h t ."  
Such a  p e r s o n  h a s  a  d i s t i c t  e d u c a t io n a l  a d v a n ta g e  o v e r  t h o s e  
who c a n n o t  u s e  a  co m p u ter  i n  t h i s  c o n s t r u c t i v e ,  a n a l y t i c a l  
m ode."  I n  a  197^ a r t i c l e  d e s c r i b i n g  t h e  r e l a t i o n s h i p  
b e tw ee n  m a th e m a tic s  and co m p u ter  s c i e n c e ,  D onald  E. Knuth 
c o n s id e r s  t h e  a lg o r i th m  a s  t h e  m o st s i g n i f i c a n t  d i s c o v e r y  
o f  t h e  co m p u ter  a g e  and r e l a t e s  t h a t  "an a lg o r i t h m ic  p o in t  
o f  v ie w  i s  a  u s e f u l  way t o  o r g a n iz e  k n o w led g e  i n  g e n e r a l"  
(K n u th , 197^* 3 2 3 )*  He a l s o  c h a r a c t e r i z e s  t h e  k n o w led g e  
a c q u ir e d  from  program m ing i n  t h e  f o l l o w i n g  m an n er:
A p e r s o n  w e l l - t r a i n e d  i n  com p u ter  s c i e n c e  
knows how t o  d e a l  w it h  a lg o r i t h m s ;  how t o  c o n ­
s t r u c t  th em , m a n ip u la te  th em , u n d e r s ta n d  th em , 
a n a ly z e  th em . T h is  k n o w le d g e  p r e p a r e s  him  f o r  
much m ore th a n  w r i t i n g  g o o d  com p u ter  p rogram s;  
i t  i s  a  g e n e r a l - p u r p o s e  m e n ta l t o o l  w h ich  w i l l  
b e a  d e f i n i t e  a id  t o  h i s  u n d e r s ta n d in g  o f  o t h e r  
s u b j e c t s .  (K n u th , 197^* 3 2 6 )
The a lg o r i t h m ic  a p p r o a ch  a s  m a n if e s t e d  i n  c r e a t i n g  com p u ter
prog ram s b eco m es an im p o r ta n t  b e n e f i t  r e c e i v e d  by t h o s e
s t u d e n t s  who l e a r n  co m p u ter  s c i e n c e .
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R e f e r r in g  to  h i s  t w e lv e  y e a r s  o f  e x p e r ie n c e  i n  com p u ter  
e d u c a t io n ,  Luehrm ann (1 9 8 0 b j 1 3 9 )  s t a t e s  t h a t  a  s t u d e n t  who 
d e s ig n s  a  co m p u ter  p rogram  t o  s o l v e  a  p ro b lem  " n e a r ly  
a lw a y s  h a s  a  b e t t e r  u n d e r s ta n d in g  o f  t h e  p ro b lem  th a n  h e  o r  
s h e  g o t  from  a p u r e ly  v e r b a l  o r  a  p u r e ly  m a th e m a tic a l  
d e s c r i p t i o n . . .  t h e r e  i s  an i n t e l l e c t u a l  d im e n s io n  t o  com­
p u t e r  p ro b lem  s o l v i n g . " O th er  e d u c a t o r s  i n d i c a t e  t h e  s i g ­
n i f i c a n c e  o f  co m p u ter s  i n  p ro b lem  s o l v i n g  and t h e i r  p la c e  
i n  th e  t o t a l  s c h o o l  s e t t i n g .  P i e l e  (1 9 8 2 s  1 3 3 )  s p e c u l a t e s  
t h a t  " m a th em a tic a l p ro b lem  s o l v i n g  -  c o n s t r u c t i n g  a l g o ­
r ith m s  and r u n n in g  them  on a  co m p u ter  -  w i l l  becom e an  
a c c e p t e d  p a r t  o f  t h e  m a th e m a tic s  c u r r ic u lu m ."  S o lo w a y ,  
L o ch h ea d , and C lem en t ( l 9 8 l )  a d v o c a te  t h e  i n c l u s i o n  o f  
com p u ter  program m ing i n  t h e  m a th e m a tic s  c u r r ic u lu m  o r  th e  
c o m p le te  i n t e g r a t i o n  o f  a lg e b r a  and p rogram m in g . S e v e r a l  
e d u c a t o r s  s e e  t h e  co m p u ter  a s  a  v i a b l e  t o o l  f o r  t e a c h in g  
t h a t  m ost im p o r ta n t  and m o st d i f f i c u l t  a i-e a  o f  m athem at­
i c s  -  p ro b lem  s o l v i n g .
C om puters and M a th e m a tic s  
As a d d i t i o n a l  e v id e n c e  o f  t h e  c l o s e  a s s o c i a t i o n  b e tw e en  
m a th e m a tic s  and co m p u ter  s t u d i e s ,  t h e  1 9 7 7 -7 8  N a t io n a l  
A s se s sm e n t  o f  E d u c a t io n a l  P r o g r e s s  e x a m in a t io n  i n  m athem at­
i c s  in c lu d e d  f o u r  q u e s t i o n s  t h a t  t e s t e d  program m ing s k i l l s  
(C a r p e n te r , C o r b i t t ,  K ep n er , L in d q u i s t ,  and R e y s , 1 9 8 1 ) .  
T h u s, t h o s e  who d e v i s e d  t h e  e x a m in a t io n  r e a l i z e d  t h a t
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com p u ter  program m ing i s  a  p r o b a b le  com ponent o f  t h e  m a th e­
m a t ic s  c u r r ic u lu m  by  i n c l u d i n g  some co m p u tin g  i t e m s  on  th e  
m a th e m a tic s  a s s e s s m e n t .
A c r i t i c  o f  t h e  m anner i n  w h ich  co m p u ters  a r e  u se d  i n  
m a th e m a tic s  c l a s s e s ,  D a v id  M oursund, ch a irm a n  o f  t h e  A s s o c i ­
a t i o n  f o r  C om puting M a c h in er y  E le m e n ta r y  and S e co n d a r y  
S c h o o ls  S u b co m m ittee  and e d i t o r  o f  The C om puting T e a c h e r , 
n o t e s  t h a t  co m p u te rs  a r e  m e r e ly  an  " ad d -on  t o p ic "  b e c a u s e  
l i t t l e  ch a n g e  h a s  o c c u r r e d  i n  t h e  c o n t e n t  o f  m a th e m a tic s  
c l a s s e s  b e c a u s e  o f  c o m p u te r s . T h is  same s i t u a t i o n  i s  fo u n d  
i n  b o th  b u s i n e s s  and s c i e n c e  c l a s s e s ,  a l s o .  He a d v o c a t e s  
t h a t  " . . .  c o n t e n t  and c o u r se w o r k  f o r  e v e r y  d i s c i p l i n e  n e e d s  
t o  b e  r e t h o u g h t  and r e d o n e  i n  t h e  l i g h t  o f  co m p u ter s  and  
t h e i r  c a p a b i l i t i e s "  (M oursund, 1 9 8 0 i 1 2 8 ) .  I n  M a th em a tic s  
T e a c h in g  M a u rice  H art ( 1 9 8 2 )  r e p o r t s  on  t h e  N o ttin g h a m  
Program m ing i n  M a th e m a tic s  P r o j e c t  c o n d u c te d  i n  E n g la n d  i n  
w h ich  c h i l d r e n  l e a r n  BASIC program m ing b e f o r e  t h e y  s tu d y  
a lg e b r a  so  t h a t  t h e y  ca n  u s e  t h e  c o n c e p t  o f  a  v a r i a b l e  a s  a  
s t o r a g e  l o c a t i o n .  I n  t h i s  p r o j e c t  th e  c o n c e p t  o f  a  v a r i ­
a b le  h a s  b e e n  a l t e r e d  from  i t s  t r a d i t i o n a l  v ie w  a s  an e l e ­
m ent o f  a  dom ain  o r  r e p la c e m e n t  s e t .
An e x p e r im e n t  p e r fo r m e d  a t  t h e  U n i v e r s i t y  o f  M a ssa ch u ­
s e t t s  a t  A m herst r e l a t i n g  co m p u ter  program m ing t o  s o l v i n g  
a l g e b r a i c  w ord p r o b le m s  i s  r e p o r t e d  by S o lo w a y , L o c h h e a d , 
and C lem en t ( 1 9 8 2 ) .  A co m p u ter  s c i e n c e  c l a s s  o f  c o l l e g e  
fr e sh m e n  and so p h o m o res w as d iv id e d  i n  h a l f  f o r  t h e  p u r p o se
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o f  p r e s e n t i n g  a  p ro b lem  i n  d i f f e r e n t  f o r m a t s .  Each g ro u p  
r e c e i v e d  a  p ro b lem  h a v in g  t h e  sam e c o n t e n t ,  b u t f o r  o n e  
g ro u p  t h e  p ro b lem  w as p r e s e n t e d  a s  a  com p u ter  program  t o  be 
c r e a t e d  w h e r e a s  t h e  o t h e r  h a l f  o f  th e  same c l a s s  r e c e i v e d  
th e  p ro b lem  i n  v e r b a l  a l g e b r a i c  te r m s . S i x t y - n i n e  p e r c e n t  
o f  t h e  5 2  s u b j e c t s  c o r r e c t l y  w r o te  a  BASIC program  to  s o l v e  
t h e  p r o b le m , b u t o n ly  4 6  p e r c e n t  c o r r e c t l y  s o lv e d  i t  a l g e ­
b r a i c a l l y .  The d i f f e r e n c e  i n  p e r fo r m a n c e  i s  s i g n i f i c a n t  a t  
t h e  0 .0 5  l e v e l .  T h is  i s  a  f r u i t f u l  f i e l d  f o r  e x p l o r a t io n  
s in c e  " th e r e  i s  no a r e a  i n  a lg e b r a  w h ich  c a u s e s  s t u d e n t s  a s  
much d i f f i c u l t y  a s  w ord p r o b le m s  (J o h n so n , 1976* i ) .
A s e c o n d  e x p e r im e n t  c o n d u c te d  b y  S o lo w a y , L o ch h ea d , and  
C lem ent (1 9 8 2 )  i n v o l v e s  t h e  i n t e r p r e t a t i o n  o f  a  word p r o b ­
le m . The e v a lu a t e d  q u e s t i o n s  w ere  em bedded i n  a  t e s t  ta k e n  
by fr e sh m a n  e n g in e e r in g  s t u d e n t s .  F or ea ch  o f  two q u e s t i o n s  
s t u d e n t s  w ere  a sk e d  to  r e a d  and e x p la in  an a lg e b r a ic  fo r m u la  
In  p ro b lem  1 t h e  fo r m u la  w as p r e s e n t e d  a s  a  s t a n d - a lo n e  
e n t i t y  w it h  ea c h  v a r i a b l e  i d e n t i f i e d  ( t h e  t r a d i t i o n a l  m a th e­
m a t ic a l  w a y ) , b u t  i n  p r o b lem  2 t h e  fo r m u la  w as p a r t  o f  a  
co m p u ter  program  w ith  t h e  v a r i a b l e s  i d e n t i f i e d  i n  t h e  p r o ­
gram s p e c i f i c a t i o n s .  The fo r m u la s  u se d  i n  ea ch  p ro b lem  had  
t h e  same fo r m a t  ( e . g . ,  A = 7S and K = 1 * 2 )  ev en  th o u g h  d i f ­
f e r e n t  s u b j e c t  m a tte r  w as in v o k e d . The r e s e a r c h e r s  w ere  
i n t e r e s t e d  i n  t h o s e  s t u d e n t s  who m is s e d  on e o f  t h e  p r o b le m s  
th u s  i l l u s t r a t i n g  a  d i f f e r e n c e  i n  t h e  two a p p r o a c h e s . F iv e  
s u b j e c t s  r e sp o n d e d  c o r r e c t l y  t o  p ro b lem  1 o n ly ,  b u t  1 8
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s t u d e n t s  c o r r e c t l y  a n sw ered  p ro b lem  2 o n ly .  T h is  d i f f e r ­
e n c e  i s  s i g n i f i c a n t  a t  t h e  0 .0 0 5  l e v e l .  T h ese  r e s u l t s  a r e  
im p o r ta n t  to  m a th e m a tic s  t e a c h e r s  b e c a u s e  t h e y  show  p r o m ise  
f o r  im p r o v in g  i n s t r u c t i o n  i n  p ro b lem  s o l v i n g .
The r e s e a r c h e r s  m e n tio n e d  s e v e r a l  r e a s o n s  f o r  im p roved  
p ro b lem  s o l v i n g  i n  a  program m ing e n v ir o n m e n t {S o lo w a y ,  
L o ch h ea d , and C lem en t, 1982» 1 7 9 ) •  The e x p la n a t io n s  in c lu d e  
c o n s id e r a t i o n  o f  t h e  r e q u ir e m e n ts  im p osed  upon t h e  u s e r  by  
t h e  program m ing la n g u a g e  su c h  a s  d e f i n i t e ,  u n a m b ig u o u s, 
e x p l i c i t  s y n t a x  and s e m a n t ic s  and o f  t h e  p ro g ra m m er's  
a p p ro a ch  to  t h e  p ro b lem  w h ere an e q u a t io n  i s  v ie w e d  a s  th e  
t r a n s f o r m a t io n  o f  an  in p u t  t o  an o u t p u t .  R eq u ire m en ts  f o r  
e f f e c t i v e  program m ing su c h  a s  d eco m p o sin g  th e  p ro b lem  s p e c ­
i f i c a t i o n s  i n t o  s m a ll  s t e p s  i n  o r d e r  to  d e s ig n  a  program  to  
s o l v e  i t  and a n a ly z in g  b o th  t h e  p ro b lem  and i t s  s o l u t i o n  
when d e b u g g in g  a  p rogram  a r e  a d d i t i o n a l  p r a c t i c e s  t h a t  
e n h a n ce  p ro b lem  s o l v i n g  w ith  com p u ter p rogram m ing.
D o u g la s  D a v is  ( 1 9 8 0 ) ,  a  p h y s i c s  p r o f e s s o r  a t  E a s te r n  
I l l i n o i s  U n i v e r s i t y ,  r e p o r t s  on  th e  u s e  o f  com p u ter  p rogram ­
m ing and n u m e r ic a l a n a l y s i s  to  t e a c h  a  c o u r s e  i n  t r a d i t i o n a l  
c l a s s i c a l  m e c h a n ic s .  D u r in g  t h e  f i r s t  w eek o f  th e  c l a s s  th e  
s t u d e n t s  w ere  t a u g h t  en ou gh  BASIC to  w r i t e ,  r u n , and debug  
s im p le  p ro g ra m s. Then t h e y  u se d  t h e  com p u ter t o  s o l v e  th e  
p h y s i c s  p r o b le m s  t h a t  com posed  t h e  s u b j e c t  m a tte r  o f  th e  
c l a s s .  D o u g la s  p o i n t s  o u t  t h a t  s t u d e n t s  fo u n d  com p u ter  work  
to  be b o th  c h a l l e n g i n g  and e n j o y a b le ;  s t u d e n t s  i n  t h i s
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c o m p u te r -b a se d  c l a s s  g a in e d  a  d e e p e r  u n d e r s ta n d in g  o f  th e  
c o n c e p t s  i l l u s t r a t e d  i n  t h e  p r o b le m s .
At t h e  U n i v e r s i t y  o f  M in n e so ta  co m p u ter  program m ing i s  
u se d  to  t e a c h  num ber t h e o r y .  S a b ra  S . A n d erson  (1982«  9 1 )  
d e s c r i b e s  t h i s  i n s t r u c t i o n  a s  d i s c o v e r y  t e a c h in g  i n  th e  
s p i r i t  o f  P o ly a .  A f t e r  ea c h  t o p i c  i s  in t r o d u c e d ,  a  com p u ter  
p r o j e c t  on  t h e  t o p i c  i s  c o m p le te d . Then t h e  t o p i c  i s  d i s ­
c u s s e d  f o l lo w e d  b y  s y n t h e s i s ,  p r o o f s ,  and u n s o lv e d  p r o b le m s .  
Program s su c h  a s  t h e  d e t e r m in a t io n  w h e th e r  a  g iv e n  num ber i s  
p rim e o r  c o m p o s ite  a r e  u se d  i n  t h e  c l a s s .  A c l a s s  p r e r e q u i ­
s i t e  i s  a  k n o w le d g e  o f  BASIC o r  FORTRAN program m ing l a n ­
g u a g e  .
I f  a  s e c o n d a r y  m a th e m a tic s  t e a c h e r  w is h e s  to  im p lem en t  
c o m p u te r -a id e d  p ro b lem  s o l v i n g ,  h e / s h e  m ust p r o v id e  t h e  s t u ­
d e n t  w ith  i n s t r u c t i o n  i n  program m ing b e c a u s e  m ost h ig h  
s c h o o l  c o u r s e s  do n o t  h a v e  an e x t e n s i v e  s e t  o f  p r e r e q u i ­
s i t e s .  T h is  i n v o l v e s  a  p o r t io n  o f  t h e  m a th e m a tic s  c l a s s  
t h a t  i s  n o t  d i r e c t l y  d e v o te d  to  i n s t r u c t i o n  i n  m a th e m a tic s .  
S in c e  a l l  m ic r o c o m p u te r s  a r e  e q u ip p e d  w ith  a  BASIC i n t e r ­
p r e t e r ,  t h i s  i n s t r u c t i o n  w i l l  m o st l i k e l y  be i n  BASIC. Gen­
e r a l l y  t h e  program m ing u n i t  i s  t a u g h t  f o r  a  s p e c i f i e d ,  
s h o r te n e d  p e r io d  o f  t im e .  When c h o o s in g  t h e  c o n t e n t  o f  t h e  
program m ing u n i t ,  t h e  t e a c h e r  s h o u ld  c o n s id e r  t h e  s ta t e m e n t  
by Herb N i c k e l s  ( 1 9 8 0 ) ,  t h e  i n s t r u c t i o n a l  co m p u tin g  c o o r ­
d in a t o r  a t  C a l i f o r n i a  S t a t e  C o l le g e  i n  San B e r n a d in o , t h a t  
t e n  p e r c e n t  o f  t h e  l e g a l  commands o f  a  program m ing la n g u a g e
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c o n s t i t u t e  n i n e t y  p e r c e n t  o f  t h e  co d e  i n  t h a t  la n g u a g e .  He 
l i s t s  t h e  e s s e n t i a l  commands f o r  BASIC a s  "PRINT, INPUT, 
LET, GOTO, IF ...T H E N , DATA, READ, FOR, NEXT, DIM, GOSUB, 
RETURN, and REM" ( N i c k e l s ,  1 9 8 0 s  1 5 8 ) .  Any u n i t  o f  com put­
e r  program m ing i n  BASIC s h o u ld  c o n t a in  a t  l e a s t  t h i s  s e t  o f  
com mands.
I n i t i a l  I n fo r m a l Program m ing
T e a c h e r s  a r e  a lw a y s  s e a r c h in g  f o r  m e a n in g fu l i n i t i a l  
e x p e r ie n c e s  on  a  t o p i c  o f  s tu d y  b e c a u s e  o n e ' s  f i r s t  im p r e s ­
s io n  o f  a  s u b j e c t  i s  o f t e n  a  l a s t i n g  o n e .  In  t h e  p r e f a c e  
o f  h i s  t e x tb o o k  on  in fo r m a l program m ing f o r  c o l l e g e  s t u ­
d e n t s ,  R ich a rd  E . P a t t i s  ( l 9 8 l »  v i i )  i d e n t i f i e s  t h e  f i r s t  
fe w  w eek s  o f  a  s t u d e n t ' s  program m ing i n s t r u c t i o n  a s  m ost  
s i g n i f i c a n t  to  t h a t  s t u d e n t ' s  p e r c e p t io n  o f  t h e  s u b j e c t  b e ­
c a u s e  a t  t h a t  t im e  h e / s h e  can  s e e  t h e  o v e r a l l  a e s t h e t i c s  o f  
program m ing and i s  f l e x i b l e  en ou gh  t o  r e a c t  f a v o r a b ly  to  
new  i d e a s .
P a t t i s '  ( l 9 8 l )  s o l u t i o n  t o  t h i s  p r e - h ig h e r  la n g u a g e  
s t a g e  i n  program m ing i s  to  u s e  a  s im p le  la n g u a g e  w ith  fe w  
commands to  move K a r e l t h e  R obot a c r o s s  a  g r id  t h a t  i s  s u ­
p e r im p o se d  on  t h e  co m p u ter  s c r e e n .  The s t u d e n t  i s  g iv e n  a  
p ro b lem  i n  w h ich  t h e  r o b o t  i s  to  move to  a  s p e c i f i e d  l o c a ­
t i o n ,  p i c k  up o r  p u t  down a b e e p e r ,  and r e p e a t  some m ove­
m ent o r  h a l t ;  f i v e  commands c o n s t i t u t e  t h e  i n s t r u c t i o n  s e t  
u se d  to  a c c o m p lis h  t h i s .  The s t u d e n t ' s  t a s k  i s  to  c r e a t e
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a  program  u s in g  t h e  command s e t  t o  c a u s e  K a r e l t o  move a s  
s p e c i f i e d  i n  t h e  p r o b le m . T h is  in fo r m a l  program m ing l a n ­
g u a g e  i s  u se d  a t  S t a n f o r d  U n i v e r s i t y  f o r  f o u r  d a y s  a t  t h e  
b e g in n in g  o f  an in t r o d u c t o r y  program m ing c l a s s  i n  P a s c a l .  
T h ere  i s  much s i m i l a r i t y  b e tw e e n  K a r e l and t h e  t u r t l e  
g r a p h ic s  o f  t h e  Logo la n g u a g e  (H an ey , 1 9 8 1 ) ,  and i n  t h e  
p r e f a c e  o f  h i s  b o o k , P a t t i s  th a n k s  Seym our P a p e r t  and t h e  
L ogo r e s e a r c h  team  f o r  t h e i r  i n f l u e n c e  on  h i s  th o u g h t s  
( P a t t i s ,  1 9 8 1 i x i ) .
An a d v a n ta g e  o f  u s in g  a  s i m p l i f i e d  in fo r m a l la n g u a g e  
b e f o r e  s t u d y in g  a  h ig h e r  l e v e l  la n g u a g e  i s  t h a t  o f  im m edi­
a t e  a c c e s s  t o  t h e  co m p u ter  f o r  p ro b le m  s o l v i n g  due t o  t h e  
e a s e  w ith  w h ich  t h e  la n g u a g e  i s  l e a r n e d .  The s t u d e n t  i s  
a b le  to  p rogram  a  co m p u ter  w ith  c o n f id e n c e  b e c a u s e  t h e  fu n ­
d a m e n ta ls  o f  program m ing a r e  t a u g h t  i n  a  s i m p l i f i e d  f a s h i o n  
y i e l d i n g  a  h ig h  p r o b a b i l i t y  o f  s u c c e s s  i n  t h e  i n i t i a l  p r o ­
gram m ing e x p e r ie n c e .  The c o n c r e t e  n o t io n  o f  m ov in g  a  r o b o t  
a c r o s s  a  s c r e e n  i s  a  r e a l i s t i c  b e g in n in g  p o in t  f o r  t h e  
n o v i c e .  The s tu d y  o f  K a r e l a l s o  p r o v id e s  b e g in n e r s  w ith  a  
program m ing m ind s e t  and an a p p r o p r ia te  v o c a b u la r y  to  u t i l ­
i z e  i n  l a t e r  s tu d y  ( P a t t i s ,  1 9 8 1 ) .
A ntfarm  i s  a  s t r u c t u r e d  program m ing game t h a t  i s  u se d  
t o  in t r o d u c e  a  c h i l d  t o  t h e  c o n c e p t  o f  s t r u c t u r e d  p rogram ­
m ing b e f o r e  h e / s h e  l e a r n s  a  h ig h e r  l e v e l  la n g u a g e  w it h  th e  
h o p e  t h a t  t h e  c h i l d  w i l l  t r a n s f e r  t h e  k n o w led g e  t o  th e  
h ig h e r  la n g u a g e  (L a F r a n c e , 1 9 8 0 ) .  The command s e t  f o r
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A ntfarm  h a s  o n ly  f i v e  im p e r a t iv e s  w h ich  can  b e u se d  t o  mod­
i f y  e x i s t i n g  p ro g ra m s. T h is  la n g u a g e ,  l i k e  L o g o , h a s  p r o ­
c e d u r e s  t h a t  a r e  e a s i l y  rem em bered and l a t e r  com b in ed  to  
com p ose a  1 a n g e r  p ro g ra m .
At t h e  U n i v e r s i t y  o f  W a ter lo o  i n  Canada F arhad  M avaddat 
(1 9 8 1 )  u s e s  m azes w ith  tw o i n s t r u c t i o n s  (STEP and RIGHT) a s  
a  m eans o f  i n i t i a l  program m ing i n s t r u c t i o n .  T h is  fo r m a t  
a l lo w s  s tu d y  o f  s e q u e n c in g ,  p r o c e d u r e s ,  l o o p i n g ,  and c o n ­
d i t i o n a l  s t a t e m e n t s ,  a l l  o f  w h ich  a r e  im p o r ta n t  c o n c e p t s  
i n  program  d e s ig n .  S t u d e n t s  a r e  p r e s e n t e d  a  m aze f o r  w h ich  
t h e y  a r e  to  c r e a t e  a  p rogram  to  t r a v e r s e  i t ;  i n s t r u c t i o n  
w ith  t h e s e  m azes l a s t s  from  two t o  s i x  h o u r s .  M avaddat 
( 1 9 8 1 s ^ 9 )  e n c o u r a g e s  t h e  u s e  o f  t h i s  t y p e  o f  e x p e r ie n c e  
b e c a u s e  t h e  s t u d e n t  i s  rem o v in g  th e  m y s te r y  o f  t h e  com p u ter  
a t  t h e  same t im e  t h a t  h e / s h e  i s  l e a r n i n g  how to  c o n s t r u c t  
p r o g r a m s.
Logo
The Logo la n g u a g e  w as d e s ig n e d  by Seym our P a p e r t  and  
h i s  c o l l e a g u e s  a t  t h e  M a s s a c h u s e t t s  I n s t i t u t e  o f  T e c h n o lo g y  
a s  a  v e h i c l e  f o r  o n e ' s  i n i t i a l  co m p u ter  program m ing e x p e r i ­
e n c e  ( P a p e r t ,  1 9 8 0 ) .  The la n g u a g e  u s e s  a  s im p le  command 
s e t  t h a t  ca n  b e em p lo y ed  t o  c r e a t e  s o p h i s t i c a t e d  s t r u c t u r e d  
p ro g ra m s and w as d e v e lo p e d  f o r  t h e  b e g in n e r  o f  a n y  a g e  
( c . f . ,  du B o u la y  and Howe, 1 9 8 1 ; L ou gh , 1 9 8 3 ; S o lo m o n ,
1 9 7 5 ;  W a tt, 1 9 8 2 b ) .  D e s ig n e d  by a  m a th e m a t ic ia n ,  co m p u ter
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e x p e r ie n c e s  w ith  Logo p la c e  t h e  l e a r n e r  i n  an e d u c a t io n a l  
e n v ir o n m e n t . The u s e r  i s  f r e e  to  e x p lo r e  t h e  program m ing  
commands by t r y i n g  them  o u t  and g a in in g  im m e d ia te  e v a lu a ­
t i o n .  R e se a r c h  c o n d u c te d  a t  L in c o ln  H igh S c h o o l i n  B rook ­
l i n e ,  M a s s a c h u s e t t s ,  t h e  L a m p lig h te r  S c h o o l i n  D a l l a s ,
T e x a s , and t h e  New York p u b l i c  s c h o o l s  h a s  show n t h a t  Logo  
h a s  a  s i g n i f i c a n t  e f f e c t  upon t h e  d e v e lo p m e n t o f  p ro b lem  
s o l v i n g  s k i l l s ,  t h e  p r a c t i c e  o f  v e r i f y i n g  i d e a s  and t h e o ­
r i e s ,  and t h e  u n d e r s ta n d in g  o f  m a th e m a tic a l c o n c e p t s  su c h  
a s  t h o s e  o f  v a r i a b l e s ,  sym m etry , and g e o m e tr ic  s h a p e s  
(L ough , 1983* 5 ° )*  Lough r e p o r t s  t h a t  t h e  name "Logo" w as  
d e r iv e d  from  t h e  G reek word " lo g o s "  m ea n in g  th o u g h t  o r  w ord . 
T h is  c h o ic e  f o r  th e  name o f  t h e  la n g u a g e  from  t h e  sam e r o o t  
a s  " lo g ic a l"  p r o v id e s  i n s i g h t  i n t o  t h e  i n t e n t i o n s  o f  i t s  
d e v e lo p e r s .  The s i m p l i c i t y  o f  t h e  la n g u a g e  i s  e v id e n t  when  
o n e  ex a m in e s  t h e  t u r t l e  g r a p h ic s  f a c e t  o f  Logo w h ich  i s  so  
e le m e n ta r y  t h a t  i t  ca n  b e l e a r n e d  th r o u g h  u s a g e  i n  an  
i n t e r a c t i v e  m anner.
I n t e r e s t  i n  Logo w as a c c e l e r a t e d  r e c e n t l y ,  and s e v e r a l  
p e r i o d i c a l s  h a v e  p u b l i s h e d  i s s u e s  d e d ic a t e d  t o  Logo and i t s  
u s e .  T h ese  in c lu d e  t h e  A u g u st 1982  i s s u e  o f  BYTE, t h e  
N ovem ber 1982  i s s u e  o f  The C om puting Teachez*, and t h e  A p r i l  
1 9 8 3  i s s u e  o f  C la ssro o m  C om puting N ew s. The f e a t u r e  a r t i ­
c l e  i n  t h e  March 1983  i s s u e  o f  E l e c t r o n i c  L e a r n in g  w as on  
t h e  u s e  o f  Logo f o r  t e a c h in g  p rogram m ing t o  b e g in n e r s .  In  
J a n u a ry  1 9 8 3 , The C om puting T e a c h e r  b eg a n  a  r e g u la r  s e c t i o n
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c a l l e d  "The Logo C e n t e r ." In  an a r t i c l e  i n  C la ssro o m  
C om puting N ew s. R ick y  C a r te r  (1 9 8 3 *  3 6 )  l i s t e d  e i g h t  maga­
z i n e s ,  f o u r t e e n  m a g a z in e  a r t i c l e s ,  s i x  n e w s l e t t e r s ,  e i g h t  
b o o k s , f o u r  fo r th c o m in g  b o o k s , and f o u r  a c t i v i t y  s o u r c e s  a s  
m eans to  o b t a in  in f o r m a t io n  on  L o g o . Many e d u c a t io n a l  com­
p u t in g  c o n v e n t io n s  h a v e  s e s s i o n s  and w o rk sh o p s  d e v o te d  to  
t e a c h in g  w ith  L o g o .
Logo h a s  b e en  u se d  s u c c e s s f u l l y  to  t e a c h  m a t h e m a t ic a l ly -  
d e f i c i e n t  c o l l e g e  s t u d e n t s  i n  S c o t la n d  c e r t a i n  m a th e m a tic a l  
c o n c e p t s  (du B o u la y  and Howe, 1 9 8 1 ) .  A v era g e  and b e lo w  
a v e r a g e  s e c o n d a r y  s t u d e n t s  im p roved  s i g n i f i c a n t l y  on  a  
m a th e m a tic s  a c h ie v e m e n t  t e s t  a f t e r  c o m p le t in g  a  y e a r  o f  
Logo program m ing and a  y e a r  o f  program m ing and m a th e m a tic s  
(Howe and R o s s ,  1 9 8 1 ) .  At L in c o ln -S u d b u r y  R e g io n a l  H igh  
S c h o o l i n  M a s s a c h u s e t t s ,  Logo s e r v e s  a s  an in t r o d u c t o r y  
program m ing la n g u a g e  (W a tt , 1 9 8 2 b ) .  Logo i s  a l s o  u se d  a s  
an in t r o d u c t o r y  program m ing la n g u a g e  i n  t h e  K -12 program  
f o r  d e v e lo p in g  com p u ter  l i t e r a c y  i n  t h e  A lam eda C ounty  
S c h o o l D i s t r i c t  w h ere BASIC i s  t a u g h t  a f t e r  s t u d e n t s  
r e c e i v e  i n s t r u c t i o n  i n  Logo ( F i s h e r ,  1 9 8 3 ) .  L o g o , t h e n ,  
ca n  s e r v e  a  d o u b le  f u n c t i o n  by f a c i l i t a t i n g  t h e  a c q u i s i ­
t i o n  o f  m a th e m a tic s  and p ro b lem  s o l v i n g  s k i l l s  a s  w e l l  a s  
program m ing s k i l l s .
B e c a u se  o f  i t s  v e r s a t i l i t y ,  s i m p l i c i t y ,  and pow er to  
m o t iv a t e ,  Logo m ig h t p r o v e  to  be " th e  m o st s i g n i f i c a n t  
e d u c a t io n a l  s o f t w a r e  o f  t h e  d eca d e"  (L ou gh , 1983* ^ 9)»
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M a th e m a tic s  t e a c h e r s  s h o u ld  becom e f a m i l i a r  w ith  t h i s  l a n ­
g u a g e  and i t s  p o t e n t i a l  f o r  im p r o v in g  m a th e m a t ic s ,  p rob lem  
s o l v i n g ,  and program m ing c o m p e te n c ie s .
The BASIC L an gu age  
B e g in n e r 's  A l l - P u r p o s e  S y m b o lic  I n s t r u c t i o n  Code o r  
BASIC w as d e v e lo p e d  a t  D artm outh  C o l le g e  i n  t h e  e a r l y  1 9 6 0 s  
to  i n s t r u c t  s t u d e n t s  w it h  no p r e v io u s  e x p e r ie n c e  i n  program ­
m ing (A n d e r se n , 1982* 5 2 ) .  Two co m p o n en ts  o f  t h e  name o f  
t h e  la n g u a g e  a r e  s i g n i f i c a n t .  The la n g u a g e  i s  in te n d e d  to  
b e u se d  f o r  in t r o d u c t o r y  p rogram m in g, and i t  i s  a  v e r s a t i l e  
t o o l  t h a t  c a n  b e u se d  t o  s o l v e  many t y p e s  o f  p r o b le m s .
BASIC i s  t h e  m ost p o p u la r  o f  t h e  m ore th a n  150  com p u ter  
la n g u a g e s  i n  e x i s t e n c e  to d a y  (W old , 1 9 8 3 )*
Many s e c o n d a r y  s c h o o l s  o f f e r  a  f u l l  y e a r  o r  a h a l f  y e a r  
o f  i n s t r u c t i o n  i n  BASIC com p u ter  p rogram m in g . H ow ever, 
t h i s  t im e  s c h e d u le  c a n n o t  be u se d  i n  c o m p u t e r - a s s i s t e d  
m a th e m a tic s  c l a s s e s .  Program m ing c o u r s e s  o f  s h o r t e r  d u ra ­
t i o n  m ust be d e v e lo p e d  to  u s e  i n  m a th e m a tic s  c l a s s e s .  The 
F r e e p o r t  ( I l l i n o i s )  S c h o o l  D i s t r i c t  o f f e r s  a  n in e -w e e k  
com p u ter  l i t e r a c y  c o u r s e  t o  a l l  s e v e n th  g r a d e r s  i n  w h ich  
e a ch  s t u d e n t  l e a r n s  t o  w r i t e  s im p le  BASIC p rogram s  
(B a n g a s s e r ,  1 9 8 3 ) -
An e x p e r im e n ta l  program  t h a t  i s  b e in g  c o n d u c te d  a t  
V i r g i n i a  M i l i t a r y  I n s t i t u t e  s u p p le m e n ts  t h e  c o n t e n t  o f  a  
f i n i t e  m a th e m a tic s  c o u r s e  w ith  co m p u ter  a p p l i c a t i o n s
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(A b e r n a th y , P i e g a r i ,  and T h o r se n , 1 9 8 0 ) .  B e fo r e  e n t e r in g  
t h e  c l a s s ,  e a c h  s t u d e n t  t a k e s  f o u r  h o u r s  o f  BASIC p rogram ­
m ing t r a i n i n g ;  t h e  c l a s s  b e g in s  w ith  f o u r  o r  f i v e  l e c t u r e s  
on BASIC f o l lo w e d  by s h o r t  t a l k s  a b o u t program m ing a s  i s  
n e c e s s a r y .  Each s t u d e n t  h a s  to  c o m p le te  e i g h t  p rogram s on  
m a t r ic e s  and p r o b a b i l i t y  a s  p a r t  o f  th e  c o u r s e  r e q u ir e m e n ts .  
A c o n t r o l  g ro u p  w orked t h e  p r o b le m s  w ith o u t  c o m p u te r s . The 
com p u ter program m ers a c h ie v e d  a  s i g n i f i c a n t l y  h ig h e r  s c o r e  
on t h e  tw e n ty -o n e  common q u e s t i o n s  from  th e  f i n a l  t e s t  f o r  
t h e  c o u r s e .
O th er  s h o r t  c o u r s e s  i n  co m p u ter  program m ing h a v e  b een  
u se d  i n  j u n io r  h ig h  s c h o o l ,  s e c o n d a r y  s c h o o l ,  and c o l l e g e .
At H om estead  (W is c o n s in )  H igh  S c h o o l ,  e v e r y  g e o m e tr y  s t u ­
d e n t  i s  t a u g h t  a  tw o -w ee k  co m p u ter  l i t e r a c y  u n i t  w ith  th e  
d e s ig n  o f  a  com p u ter  program  r e q u ir e d  a s  a  f i n a l  p r o j e c t  
( P a t t o n ,  O r th o , and H o p fe n s p e r g e r , 1 9 8 1 ) .  A t h r e e -w e e k  
com p u ter  u n i t  t h a t  i s  t a u g h t  t o  s t u d e n t s  i n  g r a d e s  s e v e n  
th r o u g h  n in e  d e v o t e s  w eek t h r e e  to  t h e  c r e a t i o n  o f  a  p r o ­
gram t h a t  t h e  s t u d e n t  ca n  u s e  i n  o n e  o f  h i s / h e r  o t h e r  
c l a s s e s  (J o s e p h , 1 9 7 9 ) .  The c o n c e n t r a t e d  BASIC c o u r s e  
o f f e r e d  b e tw e e n  s e m e s t e r s  a t  G la ssb o r o  (New J e r s e y )  S t a t e  
C o l le g e  p ro d u c e d  program m ing a c h ie v e m e n t  e q u iv a le n t  to  
t h a t  o f  s t u d e n t s  who w ere  e n r o l l e d  i n  t h e  r e g u la r  s e m e s te r  
c o u r s e  (M a sa t, 1 9 8 1 - 8 2 ) .
CHAPTER THREE
D e s ig n  o f  t h e  S tu d y
The s tu d y  w as an e x p e r im e n t a l - c o n t r o l , p r e t e s t - p o s t t e s t  
d e s ig n  w h ich  w as c o n d u c te d  u s in g  a  sa m p le  o f  c e r t a i n  m ath e­
m a t ic s  s t u d e n t s  e n r o l l e d  i n  t h e  p u b l i c  s c h o o l s  o f  S t .  Mary 
P a r is h  i n  L o u is ia n a .  One h u n d red  t h i r t y - o n e  s t u d e n t s  p a r ­
t i c i p a t e d  i n  t h e  s tu d y ;  60 s t u d e n t s  w ere  i n  c l a s s e s  t h a t  
r e c e iv e d  th e  e x p e r im e n ta l  t r e a t m e n t ,  and 62 w ere  i n  th e  
c o n t r o l  g r o u p .
The Sam ple
The sa m p le  c o n s i s t e d  o f  i n t a c t  c l a s s e s  o f  g e o m e tr y  and  
a lg e b r a  I I  s t u d e n t s  t h a t  w ere  ran d om ly  s e l e c t e d  from  t h e  
t o t a l  num ber o f  c l a s s e s  i n  t h e s e  s u b j e c t s  a s  s c h e d u le d  in  
t h e  f i v e  s e c o n d a r y  s c h o o l s  o f  S t .  Mary P a r is h  d u r in g  t h e  
1 9 8 2 -8 3  s c h o o l  s e s s i o n .  F or t h i s  s c h o o l  y e a r  f i f t e e n  s e c ­
t i o n s  o f  g e o m e tr y  and t e n  o f  a lg e b r a  I I  w ere  s c h e d u le d  i n  
S t .  Mary P a r is h  p u b l i c  s c h o o l s  ( J a c q u e t ,  1 9 8 3 )*
The r e s e a r c h e r  ran d o m ly  s e l e c t e d  f o u r  g e o m e tr y  c l a s s e s  
and t h r e e  a lg e b r a  I I  c l a s s e s  to  com pose t h e  sa m p le . A s e t  
o f  c o m p u te r -g e n e r a te d  random t h r e e - d i g i t  n u m e r a ls  w h ich  
d e s ig n a t e d  t h e  s c h o o l ,  m a th e m a tic a l d i s c i p l i n e ,  and s e c t i o n  
number w ere  u se d  to  s e l e c t  t h e  c l a s s e s  f o r  t h e  s a m p le . The 
c l a s s e s  c h o s e n  w ere  a t  B er w ick  H igh S c h o o l ( 2 ) ,  F r a n k lin
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S e n io r  H igh  S c h o o l  ( 2 ) ,  and P a t t e r s o n  H igh S c h o o l ( 3 ) .
Each c l a s s  w as ra n d o m ly  a s s ig n e d  to  e i t h e r  t h e  e x p e r im e n ta l  
o r  t h e  c o n t r o l  g r o u p . The r e s e a r c h e r  o b t a in e d  p e r m is s io n  
from  t h e  p a r e n t s  o r  g u a r d ia n s  o f  ea ch  s t u d e n t  f o r  them  to  
p a r t i c i p a t e  i n  t h e  s t u d y .  A co p y  o f  t h e  l e t t e r  u se d  to  
o b t a in  t h i s  p e r m is s io n  i s  in c lu d e d  i n  A p p en d ix  G. A pprox­
im a t e ly  3 0 0  s t u d e n t s  w ere  e n r o l l e d  i n  g e o m e tr y  and 2^+0 i n  
a lg e b r a  I I  th r o u g h o u t  t h e  p a r i s h ;  th e  sa m p le  c o n s i s t e d  o f  
62 a lg e b r a  s t u d e n t s  and 6 9  g e o m e tr y  s t u d e n t s .
The T rea tm en t
The s tu d y  w as c o n d u c te d  d u r in g  F e b r u a r y  and March o f  
1983  f o r  a  p e r io d  o f  f i v e  w e e k s . Each c l a s s  i n  t h e  s tu d y  
r e c e i v e d  i n s t r u c t i o n  from  t h e  r e s e a r c h e r  i n  t h e  n orm al 
s c h o o l  s e t t i n g .  A 32K TRS-80 C o lo r  C om puter and a p p r o p r i­
a t e  Logo d i s k  s o f t w a r e  w as u t i l i z e d  to  c o n d u c t  t h e  e x p e r i ­
m en t. The c o m p le te  m ic r o co m p u te r  s y s te m  w as a s se m b le d  i n  
e v e r y  c l a s s  f o r  d e m o n s tr a t io n  and s t u d e n t  p rogram m ing. 
I n s t r u c t i o n  w as p r o v id e d  on  Monday and W ednesday to  f o u r  
c l a s s e s  and on  T u esd a y  and T h u rsd ay  t o  t h e  r e m a in in g  t h r e e .  
N in e  h o u r s  o f  program m ing i n s t r u c t i o n  w as p r o v id e d .  P r e ­
t e s t  p o s t t e s t  a d m in i s t r a t io n  to o k  n i n e t y  m in u t e s .  Each
s t u d e n t  w as g i v e n  a  p r e t e s t  on  t h e  f i r s t  d a y  o f  t h e  s t u d y .  
The same e x a m in a t io n  w as u se d  a s  a  p o s t t e s t  a f t e r  c o m p le t ­
in g  t h e  f i v e  w eek  t r e a t m e n t .  I f  a  s t u d e n t  w as a b s e n t  f o r  
p r e t e s t i n g ,  h e / s h e  w as g iv e n  program m ing i n s t r u c t i o n  and
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a l lo w e d  t o  p a r t i c i p a t e  i n  th e  co m p u ter  u n i t ,  b u t  t h e s e  
s c o r e s  w ere  n o t  in c lu d e d  i n  t h e  d a t a  a n a l y s i s .  B oth  t h e  
p r e t e s t  and t h e  p o s t t e s t  w ere  s c o r e d  b y  t h e  r e s e a r c h e r .
The c o n t r o l  g ro u p  w as ta u g h t  program m ing u s in g  t h e  
BASIC la n g u a g e  f o r  th e  e n t i r e  n in e  h o u r  t r e a tm e n t  p e r io d .
The r e s e a r c h e r  i n s t r u c t e d  th e  s t u d e n t s  i n  th e  s y n t a x  o f  t h e  
la n g u a g e ,  on  v a r i a b l e s ,  l o o p i n g ,  and a r i t h m e t i c  o p e r a t i o n s ,  
and i n  t h e  u s e  o f  t h e  co m p u ter  t e r m in a l .  A l i s t  o f  th e  
o b j e c t i v e s  f o r  t h e  BASIC program m ing u n i t  i s  fo u n d  i n  
A p p en d ix  B. I n s t r u c t i o n  i n  BASIC and t e r m in a l  o p e r a t io n  
en co m p a ssed  two and o n e - h a l f  h o u r s  o f  t im e  f o r  t h e  c o n t r o l  
g r o u p .
The e x p e r im e n ta l  g ro u p  w as t a u g h t  s e v e r a l  fu n d a m e n ta l  
commands o f  t h e  t u r t l e  g r a p h ic s  com ponent o f  Logo i n c lu d in g  
d i r e c t i o n a l  commands, r e p e t i t i o n  com mands, and th e  p r o p e r  
u s e  o f  v a r i a b l e s .  The Logo 'u n it w as p r e p a r e d  by t h e  w r i t e r  
u s in g  in f o r m a t io n  fo u n d  i n  "A B e g in n e r ' s  G uide to  Logo"  
(A b e ls o n , 1 9 8 2 )  and M in d sto r m s» C h ild r e n ,  C om p u ters, and  
P o w e r fu l I d e a s  ( P a p e r t ,  1 9 8 0 ) .  E ach c l a s s  w as d iv id e d  i n t o  
f i v e  su b g r o u p s  w h ere ea ch  su b g ro u p  w as p r o v id e d  t im e  to  
e x p lo r e  program m ing i n  Logo and t o  d e s ig n  two Logo p ro g ra m s.  
The s t u d e n t s  i n  t h e  su b g r o u p s  w ere  a l lo w e d  to  c h o o s e  th e  
t y p e  o f  program  t h a t  t h e y  w is h e d  t o  c r e a t e ,  t h e  o n ly  co n ­
s t r a i n t  b e in g  t h a t  t h e  s e c o n d  program  had t o  show r e p e t i ­
t i o n  a n d /o r  u s e  o f  o n e  o r  m ore v a r i a b l e s .  I n s t r u c t i o n  and  
e x p e r ie n c e  i n  Logo program m ing com posed  a b o u t 25 p e r c e n t  o f
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t h e  t im e  d e v o te d  t o  i n s t r u c t i o n .  The s t u d e n t s  p la c e d  th e  
p rogram s t h a t  t h e y  had d e s ig n e d  i n t o  t h e  c o m p u te r 's  memory, 
e x e c u te d  th e  p ro g r a m s, and c o r r e c t e d  e r r o r s  o r  im p roved  
upon t h e  o u t p u t ,  w h en ev er  n e e d e d . (S e e  A p p en d ix  F f o r  an  
ex a m p le  o f  a  t y p i c a l  Logo program  and i t s  o u t p u t . )  For th e  
r e m a in d e r  o f  t h e  t r e a t m e n t ,  t h e  e x p e r im e n ta l  g ro u p  had o n e  
and o n e - h a l f  h o u r s  o f  i n s t r u c t i o n  i n  t h e  BASIC la n g u a g e  and  
"hands on" e x p e r ie n c e  i n  BASIC program m ing u s in g  t h e  same 
fo r m a t  a s  t h e  c o n t r o l  g r o u p .
In  o r d e r  t o  c o n t r o l  a c c e s s  t o  th e  co m p u ter , e a ch  c l a s s  
w as d iv id e d  i n t o  f i v e  su b g r o u p s  f o r  t h e  BASIC u n i t  r e g a r d ­
l e s s  o f  t h e  s i z e  o f  t h e  c l a s s .  Each s t u d e n t  w as ran d om ly  
a s s ig n e d  by t h e  co m p u ter  to  a  su b g ro u p  w i t h in  th e  c l a s s .  
Group e x p e r ie n c e  i s  th o u g h t  t o  b e a  v a lu a b le  m eans to  l e a r n  
program m ing b e c a u s e  o f  t h e  p r a c t i c e  o f  o n e  p e r s o n  b u i l d in g  
upon t h e  i d e a s  o f  a n o th e r  ( S c h n e id e r ,  1 9 7 8 ) .  The BASIC 
u n i t  p r e s e n t e d  to  e a c h  g ro u p  w as d e v e lo p e d  by  th e  r e s e a r c h ­
e r  u s in g  N i c k l e s '  l i s t  o f  t h e  t h i r t e e n  e s s e n t i a l  BASIC com­
mands ( N i c k l e s ,  1 9 8 0 )  and t h e  b ook  BASIC Program m ing P r im er  
(W a ite  and P a r d e e , 1 9 8 2 ) .  Each g ro u p  r e c e i v e d  i d e n t i c a l  
i n s t r u c t i o n  i n  BASIC. S tu d e n t s  w ere  e n c o u r a g e d  t o  u s e  a l l  
a v a i l a b l e  r e f e r e n c e s .  The p u b l i c a t i o n s ,  P o c k e t  G uide to  
BASIC (H u n t, 1 9 8 2 )  and The BASIC C ookbook (T r a c to n ,  1 9 7 8 )  
w ere  p r o v id e d  f o r  u s e  d u r in g  t h e  c l a s s  p e r i o d .  In  a d d i t io n  
e a c h  su b g ro u p  w as g iv e n  an  i d e n t i c a l  d ocum ent t h a t  summa­
r i z e d  t h e  BASIC commands s t u d i e d .  A co p y  o f  t h e  summary o f
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commands i s  fo u n d  i n  A p p en d ix  D.
The s o u r c e  o f  t h e  p r o b le m s  t o  program  i n  th e  BASIC mod­
u l e  w as t h e  book  P ro b lem s f o r  Com puter S o lu t io n  by D onald  
D. S p e n c e r  (1 9 7 7 )*  T h is  book  w as c h o s e n  b e c a u s e  i t  w as  
w r i t t e n  s p e c i f i c a l l y  t o  p r o v id e  program m ing p r o b le m s  f o r  
in t r o d u c t o r y  c l a s s e s .  The p o o l  o f  p r o b le m s  to  be s o lv e d  by  
BASIC program m ing w as t h e  same f o r  b o th  t h e  e x p e r im e n ta l  
and t h e  c o n t r o l  g r o u p s .
The p r o b le m s  w ere  ty p e d  on  c a r d s ,  and a  member o f  ea ch  
su b g ro u p  s e l e c t e d  t h e  c a r d  w h ich  c o n t a in e d  t h e  p ro b lem  to  
be s o lv e d  b y  t h a t  su b g ro u p  u s in g  a  co m p u ter  p rogram . T h ere  
w ere  3 8  p r o b le m s  i n  two c a t e g o r i e s .  P r o b lem s on  g r e e n  
c a r d s  r e q u ir e d  p rogram s t h a t  c o n c e n t r a t e d  on  in p u t /o u t p u t  
s t a t e m e n t s  and t h a t  c o n t a in e d  no m ore th a n  o n e  d e c i s i o n  
co m p o n en t, w h i le  t h e  p rogram s d e s ig n e d  t o  s o l v e  p rogram s on  
t h e  y e l l o w  c a r d s  u t i l i z e d  s e v e r a l  program m ing c o n c e p t s .  
S in c e  t h e  s u b j e c t s  w ere  m a th e m a tic s  s t u d e n t s ,  t h e  p ro b lem s  
em p h a siz e d  m a th e m a tic a l c o n c e p t s  o f  a  g e n e r a l  n a t u r e .  I f  
a s t u d e n t  n e e d e d  h e lp  w ith  t h e  m a th e m a tic s  r e q u ir e d  to  
s o l v e  a  p r o b le m , t h i s  in fo r m a t io n  w as p r o v id e d .
E ach su b g ro u p  c o m p le te d  t h r e e  p r o b le m s  from  t h e  p o o l  o f  
g r e e n  c a r d s  b e f o r e  t h e y  s o lv e d  a n y  on  t h e  y e l l o w  c a r d s .
T hey c o m p le te d  a s  many p rogram s a s  t h e y  c o u ld  i n  t h e  t im e  
a l lo w e d .  S in c e  a c c e s s  to  t h e  co m p u ter  w as l i m i t e d  i n  t h a t  
t h e r e  w as o n ly  a  s i n g l e  m ach in e  i n  e a c h  c la s s r o o m , s t u d e n t s  
w ere  e n c o u r a g e d  t o  o b s e r v e  o t h e r  su b g r o u p s  w o rk in g  a t  th e
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c o m p u ter . T h u s, s t u d e n t s  w ere a b le  to  s e e  t h e  co m p u ter  
s o l u t i o n s  t o  p r o b le m s  o t h e r  th a n  t h e  o n e s  a s s ig n e d  to  them . 
No p r o b le m s  w ere  r e p e a t e d  w i t h in  t h e  same c l a s s .
The I n s tr u m e n t
The e v a l u a t i o n  in s t r u m e n t  w as p r e p a r e d  by t h e  w r i t e r  
a f t e r  c o n s u l t i n g  w it h  s e v e r a l  t e a c h e r s  o f  co m p u ter  p rogram ­
m ing and w ith  b o o k s  d e s ig n e d  t o  t e a c h  in t r o d u c t o r y  BASIC 
program m ing ( e . g . ,  A lb r e c h t ,  P i n k e l ,  and Brown, 1 9 7 8 ;  
B lech m an , 1 9 8 1 ; F a u lk , 1 9 8 2 ; Fox and F o x , 1 9 8 3 ; G o ld en ,  
1 9 8 1 ; J a c o b s ,  1 9 8 3 ; N e ls o n ,  1 9 8 1 ; S a g e , 1 9 6 9 ; S h e l l y  and  
Cashman, 1 9 8 2 ; S m ith , 1 9 7 0 ; W a ite  and P a r d e e , 1 9 8 2 ) .  T h is  
p r o v id e d  a  b ack grou n d  from  w h ich  c o u ld  be p r e p a r e d  a  s e t  o f  
o b j e c t i v e s  f o r  t h e  u n i t  on  BASIC p rogram m ing.
The o b j e c t i v e s  f o r  th e  BASIC program m ing m od ule encom ­
p a s s e d  t h e  a r e a s  o f  program m ing s t y l e  and r e q u ir e m e n ts  f o r  
c o r r e c t  c o d in g ,  d e v e lo p m e n t  o f  i n s t r u c t i o n s  and d a t a  s t r u c ­
t u r e s  t o  p er fo rm  s p e c i f i e d  t a s k s ,  a lg o r ith m  d e v e lo p m e n t ,  
d e b u g g in g , and s e v e r a l  o f  t h e  commands d i r e c t e d  t o  t h e  
o p e r a t in g  s y s te m  o f  t h e  c o m p u te r . N um eric and s t r i n g  v a r ­
i a b l e s  and o n e  d im e n s io n a l  a r r a y s  w ere  t h e  d a ta  s t r u c t u r e s  
u t i l i z e d  i n  t h e  u n i t .  The i n s t r u c t i o n s  c o v e r e d  i n  t h i s  
BASIC m od ule in c lu d e d  commands f o r  in p u t  and o u t p u t ,  a r i t h ­
m e t ic  o p e r a t i o n s ,  a s s ig n m e n t  o f  v a l u e s ,  r e p e t i t i o n  o f  co d e  
o r  lo o p i n g ,  s e l e c t i o n  o f  on e o f  s e v e r a l  a l t e r n a t i v e s ,  and 
m o d u la r iz a t io n  o f  c o d e  u s in g  s u b r o u t in e s .  A co p y  o f  th e
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o b j e c t i v e s  f o r  t h e  BASiC co m p u ter  program m ing u n i t  i s  fo u n d  
i n  A p p en d ix  B.
The r e s e a r c h e r  p e r p a r e d  a  t e s t  from  t h e s e  o b j e c t i v e s  
and s u b m it t e d  i t  t o  a  p a n e l  o f  e x p e r t s  f o r  v a l i d a t i o n .  The 
p a n e l  c o n s i s t e d  o f  W i l l i s  J .  B o u rq u e ,  p r o f e s s o r  o f  m a th e ­
m a t i c s  a t  t h e  U n i v e r s i t y  o f  S o u t h w e s t e r n  L o u i s i a n a ,  and  
M e r r i l  T. Mims and H a r r i e t  G. T a y lo r  o f  t h e  Computer S c i ­
e n c e  D ep artm en t o f  L o u i s i a n a  S t a t e  U n i v e r s i t y .
The in s t r u m e n t  was f i e l d  t e s t e d  a t  a  h ig h  s c h o o l  i n  
B aton  R ou ge, L o u i s i a n a .  I te m  a n a l y s i s  p e r fo r m e d  on  t h e  
r e s p o n s e s  t o  t h e  e x a m in a t io n  p r o d u c e d  a  d i f f i c u l t y  i n d e x  
f o r  e a c h  i t e m  i n  t h e  r a n g e  o f  0 . 0 2 9  t o  0 .9 7 1  w h i l e  t h e  
i n d e x  o f  d i s c r i m i n a t i o n  was fo u n d  t o  be b e tw e e n  0 . 0 0 6  and
0 . 5 7 1 .  T h e se  f i g u r e s  a r e  g e n e r a l l y  w i t h i n  an a c c e p t a b l e  
r a n g e  a l t h o u g h  s e v e r a l  i t e m s  may be  d e s c r i b e d  a s  b e i n g  
w eak. A p p en d ix  G i s  com posed  o f  t h e  r e s u l t s  o f  t h e  i t e m  
a n a l y s i s  on  t h e  e v a l u a t i o n  i n s t r u m e n t .  The r e s e a r c h e r  s e t  
t h e  maximum amount o f  t im e  r e q u i r e d  by any  s t u d e n t  t o  com­
p l e t e  t h e  t e s t  i n  t h e  f i e l d  s t u d y  a s  t h e  t im e  t o  a l l o w  f o r  
t h e  e x a m in a t io n  i n  t h e  a c t u a l  e x p e r im e n t .  S u b j e c t s  i n  t h e  
s t u d y  w ere  a l l o w e d  4 5  m in u t e s  t o  c o m p le t e  t h e  p r e t e s t  and 
t h e  p o s t t e s t .
S i n c e  s t u d e n t s  i n  co m p u ter  s c i e n c e  ca n  be t e s t e d  on  
" k n ow led ge  o f  s y n t a x ,  t h e i r  a b i l i t y  t o  r e a d  and com prehend  
a  p rogram , o r  t h e i r  a b i l i t y  t o  w r i t e  l o g i c a l l y  c o r r e c t  
program s"  (Lem os, 1979* 53  )» 'fche r e s e a r c h e r  i n c l u d e d  i t e m s
k o
t h a t  e v a l u a t e d  e a c h  o f  t h e s e  c o m p o n e n ts .  A co p y  o f  t h e  
e x a m in a t io n  i s  i n c l u d e d  i n  A p p en d ix  A.
The S t a t i s t i c a l  P r o c e d u r e
S i n c e  t h e  sa m p le  w as  com posed  o f  i n t a c t  m a th e m a t ic s  
c l a s s e s ,  a n a l y s i s  o f  c o v a r i a n c e  w here t h e  p r e t e s t  was u se d  
a s  t h e  c o v a r i a t e  w as t h e  s t a t i s t i c a l  m ethod  c h o s e n .  U s in g  
t h i s  p r o c e d u r e  r e s u l t s  i n  a s t a t i s t i c a l  c o r r e c t i o n  on p o s t ­
t e s t  s c o r e s  f o r  f a c t o r s  t h a t  may h a v e  b e e n  p r e s e n t  p r i o r  t o  
t h e  t r e a t m e n t  ( G a r r e t t ,  1 9 6 7 ;  Lem os, 1 9 8 1 ;  Popham, 1 9 6 7 ) .
The a n a l y s i s  w as  p e r fo r m e d  o n  t e s t  d a t a  i n  o r d e r  t o  
ex a m in e  t h e  f o l l o w i n g  t h r e e  h y p o t h e s e s :
1 .  T h ere  i s  no s i g n i f i c a n t  d i f f e r e n c e  i n  a c h ie v e m e n t  
i n  BASIC co m p u ter  program m ing b e tw e e n  s e c o n d a r y  m a th e m a t ic s  
s t u d e n t s  who a r e  t a u g h t  program m ing u s i n g  BASIC a f t e r  t h e y  
l e a r n e d  Logo and t h o s e  who a r e  t a u g h t  program m ing u s i n g  
o n l y  BASIC.
2 .  T h ere  i s  no s i g n i f i c a n t  d i f f e r e n c e  i n  co m p u te r  p r o -
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gramming a c h ie v e m e n t  b e tw e e n  s e c o n d a r y  g e o m e tr y  s t u d e n t s  
and s e c o n d a r y  a l g e b r a  I I  s t u d e n t s .
3 .  T h ere  i s  no s i g n i f i c a n t  i n t e r a c t i o n  b e tw e e n  t y p e  o f  
m a th e m a t ic s  c o u r s e  ( a l g e b r a  v s .  g e o m e tr y )  and t y p e  o f  t r e a t ­
m ent (BASIC w i t h  Logo v s .  BASIC a l o n e ) .
CHAPTER FOUR
P r e s e n t a t i o n  and A n a l y s i s  o f  D ata
The p u r p o s e  o f  t h i s  c h a p t e r  i s  t o  i n d i c a t e  t h e  r e s u l t s  
o f  s t a t i s t i c a l  a n a l y s i s  on  t h e  d a t a  o b t a in e d  from  t h e  
a d m i n i s t r a t i o n  o f  t h e  BASIC program m ing t e s t .  T h i s  exam­
i n a t i o n  w as g i v e n  t o  a l l  p a r t i c i p a n t s  i n  t h e  s t u d y  a s  a  
p r e t e s t  i n  o r d e r  t o  m ea su re  t h e  a c h ie v e m e n t  l e v e l  o f  t h e  
s t u d e n t  p r i o r  t o  t r e a t m e n t .  T h e se  p r e t e s t  s c o r e s  w ere  u se d  
a s  t h e  c o v a r i a t e  i n  t h e  s u b s e q u e n t  a n a l y s i s  o f  c o v a r i a n c e .  
A f t e r  f i n i s h i n g  t h e  u n i t  on  BASIC program m ing, e a c h  s u b j e c t  
c o m p le te d  t h e  same i n s t r u m e n t  a s  a  p o s t t e s t .  F iv e  w e e k s  o f  
t im e  e l a p s e d  b e tw e e n  p r e t e s t  and p o s t t e s t .  The s c o r e s  o f  
o n l y  t h o s e  s t u d e n t s  who t o o k  b o th  t e s t s  w ere  i n c l u d e d  i n  
t h e  d a t a  a n a l y s i s .
S i n c e  a c h ie v e m e n t  i n  l a t e r  program m ing c o u r s e s  i s  
en h a n ced  s i g n i f i c a n t l y  by a  s t u d e n t ' s  h a v in g  co m p u ter  
e x p e r i e n c e s  i n  h ig h  s c h o o l  ( K o n v a l in a ,  S t e p h e n s ,  and  
W ilem an, 1 9 8 3 )*  t h e  r e s e a r c h e r  i d e n t i f i e d  s e v e r a l  v a r i a b l e s  
t o  i n v e s t i g a t e  i n  o r d e r  t o  d e t e r m in e  w h e th e r  t h e y  a f f e c t  
a c h ie v e m e n t  i n  program m ing a t  t h e  s e c o n d a r y  l e v e l .  T hus,  
t h e  s t a t i s t i c a l  a n a l y s i s  was p e r fo r m e d  t o  c o n s i d e r  t h e  
f o l l o w i n g  f a c t o r s  a s  in d e p e n d e n t  v a r i a b l e s :
1 .  t r e a t m e n t  g r o u p  -  i n s t r u c t i o n  i n  BASIC o n l y ,
4-1
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i n s t r u c t i o n  i n  BASIC f o l l o w i n g  Logo
2 .  m a th e m a t ic s  c l a s s  o f  t h e  s t u d e n t  -  a l g e b r a  I I ,  
g e o m e tr y
3 . s e x  o f  t h e  s t u d e n t  -  m a le ,  f e m a le
The s c o r e  on  t h e  BASIC program m ing p o s t t e s t  was t h e  d e p e n ­
d e n t  v a r i a b l e .
The r e s e a r c h e r  c h o s e  t o  c o n s i d e r  t h e  g e n d e r  o f  t h e  s t u ­
d e n t  a s  an a d d i t i o n a l  f a c t o r  ab ove  t h o s e  s t a t e d  i n  t h e  
h y p o t h e s e s  b e c a u s e  r e s e a r c h  s t u d i e s  p e r fo r m e d  by  M azlack  
(1 9 7 5 ;  1 9 8 0 )  t h a t  i n v e s t i g a t e d  f a c t o r s  r e l a t e d  t o  a p t i t u d e  
and a c h ie v e m e n t  i n  i n t r o d u c t o r y  co m p u ter  s c i e n c e  i n c l u d e d  
g e n d e r  a s  o n e  o f  t h e  f a c t o r s  t o  s t u d y .  A lth o u g h  n e i t h e r  o f  
t h e s e  r e s e a r c h  s t u d i e s  m easu red  a c h ie v e m e n t  i n  BASIC p r o ­
gram m ing, t h e  r e s u l t s  i n d i c a t e d  t h a t  g e n d e r  was n o t  a  s i g ­
n i f i c a n t  f a c t o r  when i n t r o d u c t o r y  co m p u ter  program m ing was  
t a u g h t  a t  t h e  c o l l e g e  l e v e l  w i t h  FORTRAN. I n  c o n t r a s t  to  
M a z la c k ' s  s t u d i e s ,  t h e  r e s e a r c h e r  s o u g h t  t o  i n v e s t i g a t e  
t h e  s i g n i f i c a n c e  o f  t h e  s e x  o f  t h e  s t u d e n t  on  a c h ie v e m e n t  
i n  BASIC program m ing a t  t h e  s e c o n d a r y  l e v e l .
R e s u l t s
The s t a t i s t i c a l  t e c h n i q u e  u s e d  t o  e v a l u a t e  t h e  r e s u l t s  
o f  t h e  e x p e r im e n t  w as a n a l y s i s  o f  c o v a r i a n c e .  A t h r e e  
f a c t o r  f a c t o r i a l  d e s i g n  w here  t h e  f a c t o r s  c o n s i d e r e d  w ere  
g r o u p ,  c l a s s ,  and s e x  w as em p loyed  t o  d e t e r m in e  i f  s i g n i f i ­
c a n t  m ain e f f e c t s  a n d / o r  i n t e r a c t i o n s  o c c u r r e d  b e tw e e n  any
4 3
o f  t h e s e  f a c t o r s .
The c o v a r i a b l e ,  p r e t e s t ,  y i e l d s  an F - v a l u e  o f  9 . 8 5  
w h ich  i s  s i g n i f i c a n t  a t  t h e  0 . 0 1  l e v e l  o f  c o n f i d e n c e .  
T h e r e f o r e ,  a n a l y s i s  o f  c o v a r i a n c e  u s i n g  t h e  p r e t e s t  s c o r e  
a s  c o v a r i a t e  i s  t h e  p r o p e r  s t a t i s t i c a l  m ethod t o  u s e  w i t h  
t h e  d a t a  o b t a in e d  from  t h i s  e x p e r im e n t .
The o n l y  s i g n i f i c a n t  d i f f e r e n c e  fo u n d  i n  t h e  a d j u s t e d  
p o s t t e s t  s c o r e s  w as on  d a t a  from  t h e  t o t a l  sam p le  t h a t  was  
a n a ly z e d  a c c o r d in g  t o  t h e  t y p e  o f  t r e a t m e n t  t h a t  was em­
p l o y e d .  A n a l y s i s  o f  d a t a  fro m  t h e  e x p e r im e n t a l  and t h e  
c o n t r o l  g r o u p s  p r o d u c e d  an F - v a l u e  o f  4 . 8 0  w h ich  i s  s i g n i ­
f i c a n t  a t  t h e  0 . 0 5  c o n f i d e n c e  l e v e l .  The a d j u s t e d  m eans  
a r e  2 3 .5 2 8  f o r  t h e  c o n t r o l  g ro u p  (N = 6 2 )  t h a t  r e c e i v e d  
i n s t r u c t i o n  i n  BASIC o n l y  and 2 1 .4 3 5  f o r  t h e  e x p e r im e n t a l  
g r o u p  (N = 6 9 )  t h a t  w as t a u g h t  Logo b e f o r e  BASIC. T h u s,  
t h e  g r o u p  t h a t  r e c e i v e d  i n s t r u c t i o n  i n  BASIC e x c l u s i v e l y  
show ed s i g n i f i c a n t l y  g r e a t e r  a c h ie v e m e n t  on  t h e  BASIC p r o ­
gramming t e s t  th a n  t h e  s t u d e n t s  i n  t h e  g ro u p  t h a t  was  
i n s t r u c t e d  i n  Logo b e f o r e  t h e y  w ere  t a u g h t  BASIC.
No s i g n i f i c a n t  d i f f e r e n c e  w as fo u n d  b e tw e e n  t h e  c u r r e n t  
m a th e m a t ic s  c l a s s  o f  t h e  s t u d e n t  and h i s / h e r  a c h ie v e m e n t  i n  
BASIC program m ing a s  m ea su red  i n  t h i s  s t u d y .  A n a l y s i s  o f  
d a t a  t h a t  r e l a t e d  t h e  m a th e m a t ic s  c l a s s  o f  t h e  s t u d e n t  
(g e o m e tr y  o r  a l g e b r a  I I )  t o  p o s t t e s t  s c o r e s  y i e l d e d  an  
F - v a l u e  o f  0 . 8 7 .  A d j u s t e d  m eans a r e  2 2 .9 3 0  f o r  t h e  a l g e b r a  
s t u d e n t s  (N = 6 2 )  and 2 2 .0 3 2  f o r  t h e  g e o m e tr y  s t u d e n t s
T a b le  1
A n a l y s i s  o f  C o v a r ia n c e  on t h e  
BASIC Program m ing S c o r e s  o f  
t h e  Sam ple
A n a l y s i s  o f C o v a r ia n c e
S o u r c e  o f Sum o f
V a r i a t i o n d f S q u a r e s F -V a lu e
Group 1 1 3 6 .0 9 8 4 . 8 0  *
C l a s s 1 2 4 .6 8 4 0 .8 7
S e x 1 8 . 6 8 4 O. 3 1
G ro u p * C la ss 1 0 . 0 2 5 0 . 0 0
G roup*Sex 1 2 6 .1 8 9 0 .9 2
G rou p *C las  s * S e x 1 2 2 .4 3 0 0 . 7 9
P r e t e s t 1 2 7 9 .1 3 6 9 . 8 5  **
E r r o r 1 2 2 3 ^ 5 7 .2 5 9
* s i g n i f i c a n t  a t  0 . 0 5  l e v e l
**  s i g n i f i c a n t  a t  0 . 0 1  l e v e l
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(N = 6 9 ) .
None o f  t h e  i n t e r a c t i o n s  y i e l d e d  s i g n i f i c a n t  r e s u l t s .  
T a b le  1  c o n t a i n s  t h e  v a l u e s  fo u n d  by a n a l y s i s  o f  c o v a r i a n c e  
on  p o s t t e s t  s c o r e s  w i t h  t h e  p r e t e s t  s c o r e  a s  t h e  c o v a r i a t e .
An A d d i t i o n a l  O b s e r v a t i o n  
S i n c e  much c u r r e n t  l i t e r a t u r e  f o c u s e s  o n  s e x  d i f f e r ­
e n c e s  i n  m a th e m a t ic s  and s i n c e  t h e r e  i s  a  c l o s e  r e l a t i o n ­
s h i p  b e tw e e n  m a th e m a t ic s  and c o m p u ter  s c i e n c e  v i a  p ro b lem  
s o l v i n g ,  t h e  i n v e s t i g a t o r  c h o s e  t o  c o n s i d e r  t h e  g e n d e r  o f  
t h e  s t u d e n t  a s  an in d e p e n d e n t  v a r i a b l e  i n  t h e  s t u d y .  A n a l­
y s i s  o f  c o v a r i a n c e  u s i n g  s e x  a s  a  f a c t o r  y i e l d e d  no s i g n i ­
f i c a n t  d i f f e r e n c e  i n  BASIC program m ing a c h ie v e m e n t  b e tw e e n  
t h e  m a le s  and t h e  f e m a l e s  i n  t h e  s a m p le .  The F - v a l u e  was
O .3 1 . The a d j u s t e d  p o s t t e s t  mean s c o r e  f o r  t h e  m a le s  
(N = 6 4 )  was 2 2 .7 4 6  w h e r e a s  t h a t  f o r  t h e  f e m a l e s  who p a r ­
t i c i p a t e d  i n  t h e  s t u d y  (N = 6 7 ) was 2 2 . 2 1 7 .
CHAPTER FIVE
C o n c lu s io n  and Summary
T h is  s t u d y  i n v e s t i g a t e d  two m eth o d s  o f  t e a c h i n g  i n t r o ­
d u c t o r y  co m p u ter  program m ing  t o  s e c o n d a r y  m a th e m a t ic s  s t u ­
d e n t s .  The m eth o d s  u t i l i z e d  t o  t e a c h  BASIC program m ing  
w ere  i n s t r u c t i n g  t h e  s t u d e n t s  i n  BASIC program m ing a f t e r  
t h e y  had l e a r n e d  t o  p rogram  t h e  co m p u ter  u s i n g  Logo and  
t e a c h i n g  t h e  BASIC la n g u a g e  e x c l u s i v e l y .  S t a t i s t i c a l  a n a l ­
y s i s  was p e r fo r m e d  on  t h e  t o t a l  sa m p le  and on s u b s a m p le s  o f  
a l g e b r a  I I  and g e o m e tr y  s t u d e n t s  and o f  m a le s  and f e m a l e s .
C o n c lu s io n
The r e s u l t s  o f  t h e  e x p e r im e n t  i n d i c a t e  t h a t  some f a c t o r  
i s  r e s p o n s i b l e  f o r  t h e  h i g h e r  a c h ie v e m e n t  i n  BASIC program ­
m ing e x h i b i t e d  by s t u d e n t s  i n  t h e  t o t a l  sa m p le  who r e c e i v e d  
i n s t r u c t i o n  i n  t h e  t r a d i t i o n a l  m anner o f  b e i n g  t a u g h t  o n l y  
BASIC com pared t o  t h o s e  s t u d e n t s  i n s t r u c t e d  i n  Logo b e f o r e  
b e i n g  t a u g h t  BASIC, b u t  t h e  c u r r e n t  m a th e m a t ic s  c l a s s  o r  
t h e  s e x  o f  t h e  s t u d e n t  i s  n o t  t h e  s i g n i f i c a n t  co m p o n en t.
The r e s e a r c h e r  s p e c u l a t e d  t h a t  t h e  g e o m e t r i c  o r i e n t a t i o n  o f  
s t u d e n t s  e n r o l l e d  i n  t h a t  c l a s s  w o u ld  c a u s e  Logo t o  b e  a  
more e f f e c t i v e  t e a c h i n g  mode f o r  them  th a n  f o r  t h e  a l g e b r a  
s t u d e n t s ,  b u t  t h e  r e s u l t s  i n d i c a t e d  no s i g n i f i c a n t  i n t e r ­
a c t i o n  b e tw e e n  program m ing g r o u p s  and c l a s s e s .
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Even th o u g h  t h e  u n i t  c o n s i s t e d  o f  m a th e m a t ic s  p r o b le m s  
t h a t  w ere  s o l v e d  by c o m p u ter  p rogram m in g , two t r a d i t i o n a l l y  
m a le -d o m in a te d  a r e a s ,  no s i g n i f i c a n t  d i f f e r e n c e  w as fo u n d  
i n  t h e  BASIC program m ing a c h ie v e m e n t  o f  m a le  and o f  f e m a le  
p a r t i c i p a n t s .  F u tu r e  r e s e a r c h  c o u ld  c e n t e r  upon t h e  q u e s ­
t i o n  o f  a c h ie v e m e n t  o f  f e m a le  s t u d e n t s  r e l a t e d  t o  t h e  s e x  
o f  t h e i r  i n s t r u c t o r .  R e s u l t s  su c h  a s  t h e  o n e s  fo u n d  i n  
t h i s  s t u d y  c o u ld  h e l p  t o  e l i m i n a t e  s e x  s t e r e o t y p e s  t h a t  
e x i s t  i n  t h e  f i e l d s  o f  m a th e m a t ic s  and co m p u ter  s c i e n c e .
A d d i t i o n a l  r e s e a r c h  m ig h t  i s o l a t e  t h e  c a u s a t i v e  f a c t o r  
f o r  t h e  d i f f e r e n c e  i n  BASIC program m ing a c h ie v e m e n t  e x h i b ­
i t e d  by t h e  t o t a l  s a m p le .  P o s s i b l e  f a c t o r s  t o  be  c o n s i d ­
e r e d  i n c l u d e  t h e  a g e  o f  t h e  s t u d e n t ,  h i s / h e r  g r a d e  p o i n t  
a v e r a g e ,  h i s / h e r  m e n ta l  a b i l i t y ,  and t h e  amount o f  t im e  
d e v o t e d  t o  t e a c h i n g  BASIC program m ing.
E d u c a to r s  a r e  j u s t  now r e a l i z i n g  t h e  p o t e n t i a l  o f  t h e  
co m p u ter  a s  an i n s t r u c t i o n a l  t o o l .  Com puter e d u c a t i o n  a t  
a l l  l e v e l s  i s  i n  a  s t a t e  o f  f l u x  b e c a u s e  g o a l s  and o b j e c ­
t i v e s  and m eth o d s  o f  u t i l i z i n g  t h e  e l e c t r o n i c  d e v i c e  i n  t h e  
c la s s r o o m  a r e  n o t  w e l l - d e f i n e d .  Much o f  t h e  p r o b le m  s o l v ­
i n g  i n s t r u c t i o n  w i t h  t h e  co m p u ter  i s  fo u n d  a t  t h e  c o l l e g e  
l e v e l  w here t h i s  v e r s a t i l e ,  new m a ch in e  i s  e v e n  b e i n g  u se d  
f o r  t e a c h i n g  number t h e o r y  and c l a s s i c a l  m e c h a n ic s ,  two o f  
t h e  o l d e s t  d i s c i p l i n e s  c u r r e n t l y  t a u g h t .  T h ere  a r e  fe w  
r e p o r t s  o f  s i m i l a r  u s e  o f  t h e  co m p u ter  a s  a  p r o b le m  s o l v ­
i n g  t o o l  i n  s e c o n d a r y  s c h o o l s .  A p r o b a b le  r e a s o n  f o r  t h e
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l a c k  o f  co m p u ter  u s e  a t  t h e  h i g h  s c h o o l  l e v e l  i s  t h e  d e a r t h  
o f  r e s e a r c h  on  e f f e c t i v e  m eth o d s  o f  t e a c h i n g  program m ing to  
s e c o n d a r y  s t u d e n t s .  T h i s  s t u d y  ad d s  some e m p i r i c a l  d a t a  
i n t e n d e d  t o  a d d r e s s  t h i s  p r o b le m .
S u g g e s t i o n s  f o r  f u t u r e  r e s e a r c h  on t e a c h i n g  i n t r o d u c t o r y  
co m p u ter  program m ing u s i n g  Logo f o l l o w e d  by BASIC o r  em p lo y ­
i n g  BASIC a l o n e  i n c l u d e  e x p e r im e n t s  t h a t  t e s t  t h e  a f f e c t i v e  
r e s u l t s  o f  t h e  two t e a c h i n g  m e th o d s ,  t h e  e f f e c t s  o f  v a r y i n g  
t h e  amount o f  t im e  d e v o t e d  t o  Logo program m ing and a l t e r i n g  
t h e  t im e  d e v o t e d  t o  t h e  e n t i r e  u n i t ,  and t h e  e f f e c t s  o f  
v a r y i n g  t h e  p o p u l a t i o n  from  w h ich  t h e  sa m p le  i s  s e l e c t e d .  
G roups o f  a d u l t s ,  o f  j u n i o r  h ig h  o r  e l e m e n t a r y  s t u d e n t s ,  o r  
o f  h ig h  s c h o o l  s t u d e n t s  from  o t h e r  l e v e l s  c o u ld  com pose t h e  
p o p u l a t i o n  from  w h ich  s a m p le s  a r e  c h o s e n  f o r  a d d i t i o n a l  
r e s e a r c h .
T h is  e x p e r im e n t a l  d e s i g n  c o u ld  be u s e d  t o  t e s t  f o r  
a c h ie v e m e n t  i n  m a th e m a t ic s  when s t u d e n t s  a r e  t a u g h t  program ­
m ing by  t h e  two a p p r o a c h e s  o f  c o n c e r n  i n  t h i s  s t u d y .  More 
fo r m a l  i n v e s t i g a t i o n  o f  t h e  e f f e c t s  o f  g e n d e r  a s  w e l l  a s  
t h e  number o f  BASIC p ro g ra m s c o m p le te d  and t h e  g r a d e  l e v e l  
o f  t h e  s t u d e n t  c o u ld  b e  c o n d u c te d  w i t h  a  w e l l - d e f i n e d  p op ­
u l a t i o n  and a l l  s a m p le s  o f  l a r g e  s i z e  t o  a l l o w  f o r  a  more 
p o w e r f u l  s t a t i s t i c a l  d e c i s i o n .  Much more r e s e a r c h  n e e d s  
t o  b e  p e r fo r m e d  i n  t h i s  im p o r t a n t  f i e l d  o f  s t u d y .
Summary
The r e s e a r c h  p r o b le m  was t o  i n v e s t i g a t e  t h e  e f f e c t  o f  
t h e  i n s t r u c t i o n a l  m ethod em p lo y ed  upon t h e  BASIC com p u ter  
program m ing a c h ie v e m e n t  o f  s e c o n d a r y  m a th e m a t ic s  s t u d e n t s .  
One gro u p  was i n s t r u c t e d  i n  BASIC e x c l u s i v e l y ,  and t h e  o t h e r  
g r o u p  was t a u g h t  BASIC a f t e r  t h e y  had r e c e i v e d  i n s t r u c t i o n  
i n  L o g o . The e x p e r i m e n t a l - c o n t r o l  g r o u p ,  p r e t e s t - p o s t t e s t  
d e s i g n  was u s e d  to  d e t e r m in e  i f  t h e r e  was a  s i g n i f i c a n t  
d i f f e r e n c e  b e tw e e n  t h e  two m e th o d s  u se d  t o  t e a c h  i n t r o d u c ­
t o r y  com p u ter  p rogram m ing. U s in g  a n a l y s i s  o f  c o v a r i a n c e ,  
t h e  f o l l o w i n g  h y p o t h e s e s  w ere  t e s t e d :
1 .  T h ere  i s  no s i g n i f i c a n t  d i f f e r e n c e  i n  a c h ie v e m e n t  i n  
BASIC com p u ter  program m ing b e tw e e n  s e c o n d a r y  m a th e m a t ic s  
s t u d e n t s  who a r e  t a u g h t  program m ing u s i n g  BASIC a f t e r  t h e y  
l e a r n e d  Logo and t h o s e  who a r e  t a u g h t  program m ing u s i n g  
o n l y  BASIC.
2 .  T h ere  i s  no s i g n i f i c a n t  d i f f e r e n c e  i n  co m p u ter  p r o ­
gramming a c h ie v e m e n t  b e tw e e n  s e c o n d a r y  g e o m e tr y  s t u d e n t s  
and s e c o n d a r y  a l g e b r a  I I  s t u d e n t s .
3 .  T here  i s  no s i g n i f i c a n t  i n t e r a c t i o n  b e tw e e n  t y p e  o f  
m a th e m a t ic s  c o u r s e  ( a l g e b r a  v s .  g e o m e tr y )  and t y p e  o f  t r e a t ­
m ent (BASIC w i t h  Logo v s .  BASIC a l o n e ) .
I n  a d d i t i o n  t h e  r e s e a r c h e r  i n v e s t i g a t e d  t h e  r e l a t i o n s h i p  
b e tw e e n  t h e  s e x  o f  t h e  s t u d e n t  and h i s / h e r  a c h ie v e m e n t  i n  
BASIC program m ing.
The s u b j e c t s  o f  t h i s  s t u d y  w ere  s t u d e n t s  e n r o l l e d  i n
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f o u r  g e o m e tr y  c l a s s e s  and t h r e e  a l g e b r a  I I  c l a s s e s  i n  t h r e e  
S t .  Mary P a r i s h  p u b l i c  s c h o o l s  d u r in g  t h e  1983  s p r i n g  s e m e s ­
t e r .  The s t u d e n t s  i n  t h e  e x p e r im e n t a l  g ro u p  w ere  t a u g h t  
co m p u ter  program m ing w i t h  Logo i n i t i a l l y  f o l l o w e d  by  
i n s t r u c t i o n  i n  BASIC p rogram m in g . The c o n t r o l  g r o u p  l e a r n e d  
BASIC program m ing o n l y .  The t r e a t m e n t  p e r i o d  w as f i v e  
w e e k s .
The c r i t e r i o n  f o r  a c h ie v e m e n t  i n  BASIC program m ing was  
t h e  s c o r e  a t t a i n e d  on a  BASIC program m ing e x a m in a t io n  p r e ­
p a r e d  by t h e  e x p e r i m e n t e r .  T h is  i n s t r u m e n t  s e r v e d  a s  b o th  
p r e t e s t  and p o s t t e s t .  V a l i d i t y  o f  t h e  e v a l u a t i o n  i n s t r u ­
m ent was e s t a b l i s h e d  by  a  p a n e l  o f  e x p e r t s .
A n a l y s i s  o f  c o v a r i a n c e  w as u s e d  t o  t e s t  f o r  s i g n i f i c a n t  
d i f f e r e n c e s  b e tw e e n  mean s c o r e s  o f  t h e  e x p e r i m e n t a l  and t h e  
c o n t r o l  g r o u p s  on  t h e  p o s t t e s t  w i t h  t h e  p r e t e s t  s c o r e  u se d  
a s  a  c o v a r i a t e .  T h i s  s t a t i s t i c a l  p r o c e d u r e  w as a l s o  u se d  
on s u b s a m p le s  com posed  o f  g e o m e tr y  s t u d e n t s  and o f  a l g e b r a  
s t u d e n t s  and on  o n e s  com posed  o f  m a le s  and o f  f e m a l e s .  The 
a n a l y s i s  o f  su b sa m p le  d a t a  w as u s e d  t o  d e t e r m in e  i f  t h e  two 
m eth o d s  o f  t e a c h i n g  BASIC program m ing w ou ld  r e s u l t  i n  s i g ­
n i f i c a n t l y  d i f f e r e n t  d e g r e e s  o f  s u c c e s s  d e p e n d in g  upon t h e  
l e v e l  o f  t h e  s t u d e n t ' s  s c h e d u le d  m a th e m a t ic s  c l a s s  o r  upon  
t h e  g e n d e r  o f  t h e  s t u d e n t .
S t a t i s t i c a l  a n a l y s i s  r e v e a l e d  t h a t  t h e  d i f f e r e n c e  
b e tw e e n  a d j u s t e d  mean s c o r e s  on  t h e  p o s t t e s t  was s i g n i f i ­
c a n t  a t  t h e  0 . 0 5  l e v e l  w i t h  t h e  g r o u p  t h a t  was t a u g h t
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BASIC e x c l u s i v e l y  a t t a i n i n g  a  h i g h e r  s c o r e  th a n  t h e  g ro u p  
t h a t  was t a u g h t  Logo and BASIC. T h ere  w as no s i g n i f i c a n t  
d i f f e r e n c e  b e tw e e n  a d j u s t e d  p o s t t e s t  mean s c o r e s  f o r  t h e  
sa m p le  c o n s i s t i n g  o f  s t u d e n t s  c l a s s i f i e d  a c c o r d i n g  to  
w h e th e r  t h e y  w ere  e n r o l l e d  i n  an a l g e b r a  I I  c l a s s  o r  i n  a  
g e o m e tr y  c l a s s .  L i k e w i s e ,  no s i g n i f i c a n t  d i f f e r e n c e  was  
fo u n d  i n  t h e  a d j u s t e d  mean s c o r e s  f o r  t h e  m a le s  and t h e  
f e m a l e s  i n  t h e  sa m p le .
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P a r t
1 .
2 .
3 .
4 .
5 .
6 .
7 .
1 MULTI PLE CHOI CE D a r k e n  t h e  s p a c e  o n  t h e  a n s w e r  s h e e t
t h a t  c o n t a i n s  t h e  l e t t e r  o f  t h e  c o r r e c t
r e s p o n s e .
T h e  BAS I C s t a t e m e n t  t h a t  i s  n e v e r  e x e c u t e d  by  t h e  c o m p u t e r
b u t  t h a t  i s  u s e d  b y  t h e  p r o g r a m m e r  t o  m a k e  t h e  p r o g r a m
e a s i e r  t o  r e a d  i s
( A)  P R I N T  ( C)  READ ( E )  n o n e  o f  t h e s e
( B)  COMMENT ( D)  REM
I n B A S I C  w h i c h  o f  t h e  f o l l o w i n g  s y m b o l s  i s  u s e d  f o r  m u l t i -  
p i  i c  a t  i o  n ?
( A) X ( C)  **  ( E)  a I I o f  t h e s e
( B)  * ( D)  •
E v e r y  l i n e  o f  a BASI C p r o g r a m  m u s t  c o n t a i n
( A)  a n  e q u a l  s i g n  ( C)  a s t a t e m e n t  n u m b e r  ( E)  n o n e  o f  t h e s e
( B)  t h e  w o r d  LET ( D)  a n  e q u a t i o n
I f  y o u  w a n t e d  t o  g i v e  N a v a l u e  o f  1 0 0 ,  w h i c h  t y p e  o f  s t a t e m e n t  
w o u I d  y o u  u s e ?
( A)  SET ( C)  P R I N T  ( E)  n o n e  o f  t h e s e
( B)  LET ( D)  L I S T
I n  o r d e r  t o  e x e c u t e  a p r o g r a m  t h a t  i s  s t o r e d  i n  t h e  m e m o r y  o f
t h e  c o m p u t e r ,  w h i c h  c o m m a n d  m u s t  b e  t y p e d  a n d  e n t e r e d ?
( A)  LOAD ( C)  RUN ( E )  n o n e  o f  t h e s e
( B)  SAVE ( D)  EXECUTE
L o c a t i n g  a n d  c o r r e c t i n g  e r r o r s  i n  a  c o m p u t e r  p r o g r a m  i s  
c  a I l e d
( A)  s t r u c t u r i n g  ( C)  d o c u m e n t i n g  ( E )  d e b u g g i n g
( B)  r e v e r i f y i n g  ( D)  t i d y i n g
T h e  c o m m a n d  u s e d  t o  r e t r i e v e  a p r o g r a m  s t o r e d  on  a d i s k e t t e  
i s
( A)  READ ( C)  LOAD ( E )  n o n e  o f  t h e s e
( B)  P R I NT  ( D)  SAVE
To  i n s t r u c t  t h e  c o m p u t e r  t o  a c c e p t  a l p h a b e t i c  i n f o r m a t i o n  
s u c h  a s  a n a m e  f r o m  t h e  k e y b o a r d ,  w h i c h  o f  t h e  f o l l o w i n g  
s t a t e m e n t s  w o u l d  b e  u s e d ?
( A)  3 0  I NPUT A ( C)  3 0  I NPUT A$ ( E )  3 0  READ A
( B)  30  I NPUT " A ” ( D)  3 0  READ A$
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MULTI PLE CHOI CE - - 2 - -
9 .  I f  t h e  s t a t e m e n t  L E T  N$ = " 3  + 4 "  i s  f o l l o w e d  b y  t h e  
s t a t e m e n t  P R I NT  N$ w h a t  w o u l d  b e  t h e  o u t p u t ?
( A ) 3 + 4  ( C ) " 3 + 4 "  ( E ) n o n e o f t h e s e
( B)  7 ( D)  " 7 "
1 0 .  W h i c h  s t a t e m e n t  g r o u p  i s  a s s o c i a t e d  w i t h  t h e  i n p u t  o f  d a t a ?
( A)  READ/ DATA ( C)  I NPUT/ DATA ( E )  a l l  o f  t h e s e
( B)  GET/ DATA ( D)  A a n d  C o n l y
1 1 .  Wh a t  i s  t h e  o u t p u t  o f  t h e  f o l l o w i n g  p r o g r a m ?
10 LET A = 5
2 0  LET B = 6
3 0  LET C = 7
4 0  P R I N T  B ; A 
5 0  END
( A)  5 6 7 ( C)  5 6 ( E )  6 5
( B)  5 6 ( D)  6 5
1 2 .  E v e r y  p r o g r a m  m u s t  c o n t a i n  a s t a t e m e n t  c a l l e d
( A)  END ( C)  LET ( E )  WRI TE
( B)  BEGI N ( D)  FOR
1 3 .  C o n s i d e r  t h e  f o l l o w i n g  p r o g r a m m i n g  s e g m e n t :
1 0 0  P R I N T  "WHAT IS YOUR NAME";
1 1 0  I NPUT N$
Wh a t  w i l l  b e  t h e  v a l u e  o f  N$ w h e n  t h e  p r o g r a m  i s  e x e c u t e d ?
( A)  w h a t e v e r  i s  e n t e r e d  ( C)  "WHAT IS YOUR NAME" ( E )  N 
f r o m  t h e  k e y b o a r d
( B ) n o t h i n g  ( D)  z e r o
1 4 .  I n  o r d e r  t o  p r i n t  t h e  v a l u e s  o f  s i x  v a r i a b l e s  i n  t h r e e
c o l u m n s  o n  e a c h  o f  t w o  l i n e s  o f  o u t p u t  p l a c e d  d i r e c t l y  u n d e r
e a c h  o t h e r ,  o n e  c o u l d  u s e  w h i c h  o f  t h e  f o l l o w i n g  s e q u e n c e  o f
s t a t e m e n t s ?
( A)  10 P RI NT A , B , C ( C)  10 P R I NT  A , B , C ;  ( E)  a l l  o f  t h e s e
2 0  P R I NT  X , Y , Z 20  P R I N T  X , Y , Z
( B)  10 P R I NT  A; B ; C ; ( D)  10 P R I N T  A , B ; C
2 0  P RI NT  X ; Y; Z 2 0  P R I NT  X ; Y , Z
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1 5 .  I n  o r d e r  t o  p r i n t  t h e  w o r d  " H E R E ” i n  t h e  t w e n t i e t h  c o l u m n  
f r o m  t h e  l e f t  s i d e  o f  t h e  s c r e e n ,  o n e  w o u l d  w r i t e
( A)  50 PR I N T ( 2 0 ) ; " HE R E "  ( C)  5 0  P RI NT TAB( 2 0 ) ; " HERE"
( B)  5 0  PR I N T " H E R E " ; ( 2 0 )  ( D)  50  PRI  NT " H E R E " ; TAB( 2 0 )
( E )  2 0  P RI NT " HERE"
1 6 .  W h i c h  o f  t h e s e  p r e - p r o g r a m m e d  f u n c t i o n s  i s  a v a i l a b l e  i n  
BAS I C?
( A)  ABS ( C)  INT ( E)  a l l  o f  t h e s e
( B)  SQR ( D)  RND
1 7 .  Wh a t  i s  t h e  o u t p u t  o f  t h e  f o l l o w i n g  p r o g r a m ?
10 READ A
15 DATA - 1  , 3 , 6 , 5
2 0  IF A > 5 THEN GOTO 50
3 0  P R I N T  " A B C , " ;
4 0  GOTO 10 
5 0  P R I N T  " X Y Z , " ;
6 0  END
( A)  A B C , X YZ , X YZ , X YZ  ( C)  X Y Z , X Y Z , A B C ,  ( E )  ABC, ABC, XYZ, ABC
( B)  XY Z , A B C , X Y Z , A B C  ( D)  A B C , A B C , X YZ ,
1 8 .  C o n s i d e r  t h e  f o l l o w i n g  p r o g r a m :
1 0 FOR 1 = 1 TO 5
20 PR 1 NT "GO TEAM"
3 0 NEXT 1
4 0 PR 1 NT " RAH!  RAH
50 END
o f o u t p u t w i 1 1 b e  p r  i n t e d ?
( A)  2 ( C)  6 ( E )  13
( B)  5 ( D)  8
1 9 .  I n o r d e r  t o  d i s p l a y  t h e  p r o g r a m  t h a t  i s  c u r r e n t l y  i n  t h e  
c o m p u t e r ' s  m e m o r y ,  t h e  c o m m a n d  t o  b e  u s e d  i s
( A)  DI SPLAY ( C)  SAVE ( E )  L I S T
( B)  SHOW ( D)  P R I NT
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2 0 .  In t h e  f o l l o w i n g  p r o b l e m  w h i c h  o p e r a t i o n  w i l l  b e  d o n e  
i n  B AS I C ?
13  + 2 -  6 * 5 / 1 0  + 3
( A)  13 + 2 ( C ) 6 * 5  ( E)  10 + 3
( B)  2 -  6 ( D)  5 / 1 0
f i r s t
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P a r t
1 .
2 .
2 SHORT ANSWERS I n d i c a t e  y o u r  r e s p o n s e  on  t h e  a n s w e r  s h e e t
i n  t h e  p r o p e r  s e c t i o n  o f  p a r t  2 .
W r i t e  a BAS I C  s t a t e m e n t  t o  p e r f o r m  t h e  f o l l o w i n g  c a l c u l a t i o n :
x + y + z
A = ---------------------
6
I n d i c a t e  i f  e a c h  o f  t h e  f o l l o w i n g  v a r i a b l e  n a m e s  a r e  v a l i d  
o r  n o t  v a l i d  i n  B A S I C  b y  c h o o s i n g  t h e  a p p r o p r i a t e  t e r m  o n  
t h e  a n s w e r  s h e e t .
( A)  A 
<B)  AB 
( C) AS 
( D) 2 B 
( E ) B2
( F )  $B$
( G)  12A
I n d i c a t e  i f  e a c h  o f  t h e  f o l l o w i n g  B A S I C  s t a t e m e n t s  o r  
p r o g r a m  s e g m e n t s  i s  c o r r e c t  o r  i f  i t  c o n t a i n s  a n  e r r o r  b y  
c h o o s i n g  t h e  a p p r o p r i a t e  r e s p o n s e  o n  t h e  a n s w e r  s h e e t .
( A)  10 PR I NTT A
( B)  10 READ,  N
( C)  10 LET X + Y = A
( D) 10 I NPUT X$
( E )  10 I F X<>Y THEN P R I NT  " GOOD"
( F)  10 LET A = LW
( G)  10 FOR J = 5 TO 2 3  STEP 4
( H)  10 DI M A ( 1 0 0 )
( I )  10 IF X<Y OR Y>2 THEN GOTO 50
( J )  10 REM PROGRAM TO ADD NUMBERS
2 0  P R I N T  " ENTER TWO NUMBERS TO ADD TOGETHER"
3 0  I NPUT N1 , N2 
4 0  S = N1 -  N2 
5 0  P R I N T  S 
6 0  END
( K)  5 LET A = 5
10 LET Y = A -  A
2 0  LET Z = 2 + A
3 0  LET X = Z / Y
4 0  END
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P a r t  3 PROGRAM ANALYSI S  I n d i c a t e  y o u r  r e s p o n s e  o n  t h e  a n s w e r
s h e e t  i n  t h e  s e c t i o n  l a b e l e d  " P a r t  3 . "
I n d i c a t e  t h e  o u t p u t  o f  e a c h  o f  t h e  f o l l o w i n g  p r o g r a m s .
10 LET C = 1 2 .  10 FOR I = 1 TO
2 0  LET S = 0 20 READ N
3 0  IF C > 5 THEN 80 30 G0SUB 1 0 0
4 0  LET S = S + C 40 P R I NT  A,
5 0  P R I N T  S 50 NEXT 1
6 0  LET C = C + 1 60 GOTO 1 4 0
70  GOTO 30 1 00 LET A = N *
80  END 1 1 0 LET B = Nf 2
1 20 RETURN
o u t p u t : 1 30 DATA 5 ,  2 ,  6
1 40 END
o u t p u t :
1 0 DIM A ( 1 0 )
2 0 FOR J = 1 TO 10
30 READ A( J )
40 NEXT J
50 LET T = 0
6 0 FOR J = 2 TO 5
70 T = T + A ( J )
80 NEXT J
90 P R I NT  T
1 00 DATA 6 , - 3 , 2 , 5 , 0
1 1 0 DATA - 2 , 1  , 8 , - 1  ,
1 20 DATA 6 , 3 , 9 , - 4
1 30 END
o u t p u t :
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P a r t  4 PROGRAM WRI TI NG W r i t e  y o u r  p r o g r a m  o n  t h e  s e c o n d  s h e e t
o f  t h e  a n s w e r  s e c t i o n .  Be s u r e  t o  p l a c e  
y o u r  s t u d e n t  n u m b e r  a n d  c l a s s  c o d e  o n  
t h a t  p a g e  a s  w e l l  a s  o n  t h e  f i r s t  p a g e  
o f  t h e  a n s w e r  s h e e t .
W r i t e  a p r o g r a m  t h a t  w i l l  a c c e p t  a s t u d e n t ' s  n a m e  a n d  t h r e e  t e s t  
s c o r e s  f o r  e a c h  o f  f i v e  s t u d e n t s .  D e t e r m i n e  e a c h  s t u d e n t ' s  
a v e r a g e  a n d  p r i n t  o u t  e a c h  s t u d e n t ' s  n a m e ,  t e s t  s c o r e s ,  a n d  
a v e r a g e .  A s t u d e n t  p a s s e s  i f  h i s  a v e r a g e  i s  7 0 $  o r  g r e a t e r ;  
o t h e r w i s e  h e  f a i l s .  On a s e p a r a t e  l i n e  i n d i c a t e  h ow m a n y  o f  t h e  
s t u d e n t s  p a s s e d  a n d  h o w  m a n y  f a i l e d .  B e  s u r e  t o  l a b e l  a l l  o u t ­
p u t .
E a c h  t e s t  h a s  a p o s s i b l e  s c o r e  o f  1 0 0  p o i n t s .  Us e  t h e  f o l l o w ­
i n g  e n t r i e s  a s  d a t a :
NAME TEST 1 TEST 2 TEST 3
A b b o t  J o e 89 1 00 9 7
A d a ms  J a n e 93 95 9 2
B r o w n  K a t e 63 65 71
C a l d w e l l  J e f f 83 75 79
C o u n t s  K e v i n 52 59 80
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ANSWER SHEET
P a r t  1 -  M u l t i p l e  C h o i c e
1 . ( A) ( B) ( C) ( D) ( E) 1 1 • ( A) ( B) ( C) ( D) { E)
2 . ( A) (B) ( C) ( D) ( E) 1 2 . ( A) ( B) ( C) ( D) ( E)
3 . ( A) ( B) ( C) ( D) ( E) 13 . (A) ( B) ( C) ( D) ( E)
4 . ( A) < B) ( C) ( D) ( E) 14 . (A) ( B) ( C) ( D) ( E)
5 . ( A) ( B) ( C) ( D) ( E) 1 5 . (A) ( B) ( C) ( D) ( E)
6 . (A) ( B) ( C) ( D) ( E) 1 6 . (A) ( B) ( C) ( D) ( E )
7 . ( A) ( B) ( C) ( D) ( E ) 17 . ( A) ( B) ( C) ( D) ( E)
8 . ( A) ( B) ( C) ( D) ( E) 18 . (A) ( B) ( C) ( D) ( E)
9 . ( A) ( B) ( C) ( D) ( E) 19 . (A) ( B) ( C) ( D) ( E )
10 . ( A) ( B) (C) ( D) ( E) 20 . ( A) ( B) (C) ( D) ( E)
P a r t  2 -  
1 .
S h o r t  A n s w e r s
3 . c o r  r e c t e r r o r
( A)  ( ) ( )
2 . v a l i d  n o t  v a l i d ( B)  ( ) ( )
( A) ( ) ( ) ( C)  ( ) ( )
( B) ( ) ( ) ( D) ( ) ( )
( C) ( ) ( ) ( E)  ( ) ( )
( D) ( ) ( ) ( F)  ( ) ( )
( E) ( ) ( ) ( G)  ( ) ( )
( F) ( ) ( ) ( H) ( ) ( )
( G) ( ) ( ) ( I ) ( ) ( )
( J )  ( ) ( )
( K)  ( ) ( )
P a r t  3 - P r o g r a m  A n a l y s i s
1 .  o u t p u t :
2 .  o u t p u t :
3 .  o u t p u t :
STUDENT NUMBER
CLASS CODE
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ANSWER SHEET
P a r t  4 PROGRAM WRI TI NG
STUDENT NUMBER 
CLASS CODE
A P P E N D I X  B 
O b j e c t i v e s  f or  BAS IC  P r o g r a m m i n g  Unit
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OBJECTIVES
A f t e r  a u n i t  i n  i n t r o d u c t o r y  BASIC p rogram m ing  t h e  s t u d e n t  s h a l l
r e c o g n i z e ,  u n d e r s t a n d ,  and be a b l e  t o  u s e  c o r r e c t l y  e a c h  o f  t h e
f o l l o w i n g  p rogram m ing  c o n c e p t s :
1) e l e m e n t s  o f  p rogram m in g  s t y l e  i n c l u d i n g  d o c u m e n t a t i o n ,  
i n d e n t i o n  o f  c o d e ,  and  u s e  o f  t h e  REM s t a t e m e n t
2)  r e q u i r e m e n t s  f o r  p r o p e r  p rogram m in g  c o d i n g  s u c h  a s  a 
s t a t e m e n t  number f o r  e a c h  l i n e  o f  co d e  and t h e  p r e s e n c e  o f  
an END s t a t e m e n t
3) i n p u t / o u t p u t  s t a t e m e n t s  u s i n g  t h e  k ey w o rd s  READ, DATA,
INPUT, and PRINT i n c l u d i n g  m eth o d s  o f  f o r m a t t i n g  o u t p u t  
e m p lo y i n g  t h e  s e m i c o l o n ,  comma, and TAB
4)  a s s i g n m e n t  s t a t e m e n t s  u s i n g  LET
5)  a v a i l a b l e  a r i t h m e t i c  o p e r a t i o n s  and t h e  h i e r a r c h y  o f  
i m p l e m e n t a t i o n  o f  t h e s e  o p e r a t i o n s
6)  s e l e c t i o n  s t a t e m e n t s  s u c h  a s  IF THEN and GOTO a s  w e l l  a s  t h e  
r o l e  o f  t h e  r e l a t i o n a l  o p e r a t o r s  and t h e  B o o l e a n  o p e r a t o r s
7 )  s u b r o u t i n e s  and t h e i r  f u n c t i o n s  and t h e  GOSUB and RETURN 
s t a t e m e n t s
8) r e p e t i t i o n  s t a t e m e n t s  s u c h  a s  FOR NEXT or  t h e  e s t a b l i s h m e n t  
o f  a l o o p  u s i n g  a c o u n t e r
9 )  l i b r a r y  f u n c t i o n s  i n c l u d i n g  ABS, SQR, INT, RND, and  
a v a i l a b l e  t r i g o n o m e t r i c  f u n c t i o n s
10)  e s t a b l i s h i n g  and m a n i p u l a t i n g  o n e - d i m e n s i o n a l  a r r a y s  u s i n g  
t h e  DIM s t a t e m e n t  and s u b s c r i p t e d  v a r i a b l e s
11)  t h e  m ean ing  o f  t h e  s y s t e m  commands RUN, LIST,  LOAD, and SAVE
12) d i s t i n c t i o n  b e t w e e n  n u m e r i c  and s t r i n g  v a r i a b l e s  and  
c o n s t a n t s
13)  d e v e l o p i n g  a m e t h o d  t o  r e p r e s e n t  an a l g o r i t h m  p r i o r  t o  
c o d i n g
14)  d e b u g g i n g  a program
A P P E N D I X  C 
L e t ter  G r a n t i n g  P e r m i s s i o n  for Student 
P a r t i c i p a t i o n  in the Stu dy
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( S t u d e n t ' s  Name)
Dear Parent,
A g r a d u a t e  s t u d e n t  at L o u i s i a n a  S t a t e  U n i v e r s i t y ,  I a m  
doi ng a study on m e t h o d s  of t e a c h i n g  c o m p u t e r  p r o g r a m m i n g .  
Sin ce  c o m p u t e r s  will be such an i m p o r t a n t  part of the lives 
of all of us, it is d e s i r a b l e  f or  h i g h  s c h o o l  s t u d e n t s  to 
have e x p e r i e n c e  using this e l e c t r o n i c  mac h ine .  One way to 
gain this e x p e r i e n c e  is by l e a r n i n g  to program.
Y o u r  c h i l d ' s  m a t h e m a t i c s  c l a s s  h a s  b e e n  s e l e c t e d  to 
p a r t i c i p a t e  in the research. The a s s i s t a n t  s u p e r i n t e n d e n t  
o f  c u r r i c u l u m  a n d  i n s t r u c t i o n ,  s c h o o l  p r i n c i p a l ,  a n d  
m a t h e m a t i c s  tea c her  have agr ee d to a l l o w  m e to c o n d u c t  the 
r e s e a r c h  in the s c h o o l .  I n e e d  y o u r  p e r m i s s i o n  for y o u r  
ch i l d  to p a r t i c i p a t e  in the study.
E a c h  p a r t i c i p a n t  will  r e c e i v e  ten h o u r s  of i n s t r u c t i o n  in 
p r o g r a m m i n g  a c o m p u t e r  at school in his m a t h e m a t i c s  class. 
A t e a c h e r  in St. M a r y  P a r i sh  sch o ols  for t w e n t y - o n e  years, I 
will teach the unit on c o m p u t e r  p r o g r a m m i n g .  A test will be 
given b e f ore  and after the i n s t r u c t i o n  in ord er to d e t e r m i n e  
h ow  m u c h  p r o g r a m m i n g  w a s l e a r n e d  in that perio d of time. No 
n a m e s  or i n d i v i d u a l  s c o r e s  w i l l  be r e p o r t e d  no r  wil l any 
s c h o o l  or c l a s s  be i d e n t i f i e d .  T h e r e  w i l l  be no h o m e w o r k  
a s s i g n e d  to a n y  p a r t i c i p a n t ,  a n d  the s t u d e n t  will not 
rec ei ve  a gra de or c r e d i t  in c o m p u t e r  p r o g r a m m i n g  for taking 
pa rt in this study.
T h a n k  y o u  f o r  y o u r  c o n s i d e r a t i o n .  P l e a s e  s i g n  t h i s  
p e r m i s s i o n  s l i p  and h a v e  y o u r  c h i l d  r e t u r n  it as s o o n  as 
poss ibl e.
Si n c e r e l y ,
Diane B. Calamari
( P a r e n t ' s  Name)
A P P E N D I X  
S u m m a r y  of BASIC
D
C o m m a n d s
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S u m m a r y  of BASIC C o m m a n d s
1) E v e r y  line of a B AS IC  p r o g r a m  m u s t  have a line number.
T h i s  n u m b e r  d e t e r m i n e s  t h e  o r d e r  in w h i c h  t h e  
s t a t e m e n t s  of the p r o g r a m  are executed.
2) E v e r y  p r o g r a m  m u s t  end wi t h  a s t a t e m e n t  c a l l e d  END.
3) OUTPUT: c o m m a n d  is PRINT. Use q u o t a t i o n  m a r k s  around
a w o r d  or p h r a s e  if y o u  w i s h  it to be o u t p u t  e x a c t l y  as 
y o u  w r i t e  it. If y o u  P R I N T  a m a t h e m a t i c a l  e x p r e s s i o n  
or a v a r i a b l e  w i t h o u t  any q u o t a t i o n  m a r k s ,  the value 
of t h e  e x p r e s s i o n  or t h e  v a r i a b l e  w i l l  be p r i n t e d  on 
the screen.
4) M A T H E M A T I C A L  O P E R A T I O N S :  c o m p u t e r  c a n  p e r f o r m
a d d i t i o n ,  s u b t r a c t i o n ,  m u l t i p l i c a t i o n ,  a nd  d i v i s i o n ;  
can a l s o  r a i s e  a n u m b e r  to a p o w e r  (use u p w a r d  a r r o w  
key). M u l t i p l i c a t i o n  and d i v i s i o n  are p e r f o r m e d  f r o m  
left to r ig ht  f o l l o w e d  by all a d d i t i o n  and s u b t r a c t i o n
f r o m  l e f t  to r i g h t .  T h e  o r d e r  of o p e r a t i o n s  can be
c h a n g e d  by us i ng p a r e n t h e s e s .
5) W h e n  c o m m a s  are u s e d  to s e p a r a t e  d a t a ,  t h e  o u t p u t  is 
s pa ce d far apart; to have o u t p u t  s p a c e d  c l o s e  t ogether, 
use s e m i c o l o n s  to s e p a r a t e  data or var i abl es.
6) V A R IA BL ES : n u m e r i c  v a r i a b l e s  refer to n u m b e r s  (integers 
or de c i m a l  num b e r s ) ;  s tr in g v a r i a b l e s  r e f e r  to w o r d s  or 
s p e c i a l  s y m b o l s .  V a r i a b l e  n a m e s  m u s t  b e g i n  w i t h  a 
lette r of the alpha be t;  then it can have any n u m b e r  or 
a n o t h e r  letter; s t r i n g  v a r i a b l e s  m u s t  end w i t h  a $.
7) LET: used to a s s i g n  values to v a r i a b l e s  and to assig n
a v a l u e  to an e x p r e s s i o n  or f o r m u l a  i n v o l v i n g  
c a l c u l a t  ions.
8) INPUT: used to e n t e r  data f r o m  the keyboard. Need to
p r e c e d e  an I N P U T  s t a t e m e n t  w i t h  a P R I N T  s t a t e m e n t  to 
te ll t h e  u s e r  w h a t  is to be i n p u t .  If m o r e  t h a n  o n e  
v a r i a b l e  v a l u e  is i n p u t  in t h e  s a m e  s t a t e m e n t ,  e a c h  
value s h o u l d  be s e p a r a t e d  by c o m m a s .
9) TAB: used to sp a ce o u t p u t  on the screen. For e x a m p l e ,
P R I N T  T A B  (15); " N a m e "  p l a c e s  t h e  "N" of N a m e  in t h e
f i f t e e n t h  c o l u m n  of the screen.
10) REM: stands for r e m a r k  and is used to tell the r e a d e r
w h a t  the p r o g r a m  is about. RE M  is not e x e c u t a b l e ,  but
it a ppears in the l i s t i n g  of the pro g ram .
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11) RU N, L I S T ,  N E W :  t h e s e  c o m m a n d s  a r e  u s e d  to c o n t r o l
w h a t  the c o m p u t e r  does at a p a r t i c u l a r  time. RUN m e a n s
to e x e c u t e  t he  p r o g r a m  t h a t  is in t h e  c o m p u t e r ' s  
m e m o r y .  L I S T  m e a n s  to d i s p l a y  t h e  p r o g r a m  as it w a s  
t y p e d  in at th e  k e y b o a r d .  N E W  is u s e d  to c l e a r  t h e  
m e m o r y  of the c o m p u t e r  before e n t e r i n g  ano t her  pro gr am .
12) LOOPING: occ urs w h e n e v e r  you w a n t  to p r o c e s s  m o r e  than
o n e  s e t  of d a t a  w i t h  t h e s a m e  p r o g r a m .  M o s t  l o o p s  are 
e s t a b l i s h e d  by u s i n g  FO R . . . N E X T  or IF...THEN.
F O R . . . N E X T :  T h i s  l o o p  u s e s  a F O R  s t a t e m e n t  and a N E X T
s t a t e m e n t  as t h e  b o r d e r s  of t h e  loo p.  If 
one p r o g r a m s  the f o l l o w i n g :
10 FOR I = 1 to 45 
20 some 
30 p r o g r a m  
40 s t a t e m e n t s  
50 NEXT I
t h e  l o o p  c o n t a i n i n g  " s o m e  p r o g r a m
s t a t e m e n t s "  w i l l  be r u n  45 t i m e s .  If y o u  
w a n t  the loop e x e c u t e d  a special n u m b e r  of 
t i m e s  t h a t  is n ot  a l w a y s  i n c r e a s e d  by 1 
then use:
10 F O R  1 = 2 TO 36 S T E P  2 a n d  c a u s e  I to 
h a v e  v a l u e s  of 2, 4, 6,...,36.
IF...THEN: w h e n  th e  "if" p a r t  is t r u e ,  t h e " t h e n ” is
e x e c u t e d ;  o t h e r w i s e ,  t h e  s t a t e m e n t  f o l l o w i n g  t h e
IF...THEN is e x e c u t e d .  T h i s  s t a t e m e n t  can be u s e d  to
c o m p a r e  u s i n g  =, =, > = ,  or T h e  c o n n e c t i v e s
A N D  a n d  OR c an  be u s e d  in IF...THEN s t a t e m e n t s .
GOTO: this s t a t e m e n t  is used to u n c o n d i t i o n a l l y  direct
e x e c u t i o n  of t h e  p r o g r a m  to a n o t h e r  s t a t e m e n t  
i d e n t i f i e d  by its number.
13) The c o m p u t e r  has c e r t a i n  bu i l t - i n  f u n c t i o n s  that can be 
useful to the p r o g r a m m e r .  T h e s e  i n c l u d e  ABS, INT, RND, 
SQR. A B S ( X )  r e t u r n s  t h e  a b s o l u t e  v a l u e  of X; IN T(Y) 
d r o p s  a n y  d e c i m a l  p a r t  of Y so I N T ( 3 . 5 9 )  = 3, I N T ( 2 , 2 )  
= 2 or I N T (5) = 5 - t h i s  is c a l l e d  t r u n c a t i o n .  R N D ( Z )
p r o d u c e s  a r a n d o m  n u m b e r  t h a t  is p o s i t i v e  and has a
v a l u e  n o t  g r e a t e r  t h a n  Z; S Q R (A)  p r o d u c e s  t h e  s q u a r e  
r o o t  o f  A if A is n o t  n e g a t i v e  ( e r r o r  is A is 
negati v e ).
14) S U B R O U T I N E S :  u s e d  w h e n e v e r  a p o r t i o n  of t he  p r o g r a m  
m u s t  be repeated. The s u b r o u t i n e  is c a l l e d  in the m a i n  
p r o g r a m  w i t h  a G O S U B  s t a t e m e n t  n u m b e r  c o m m a n d  and the 
s u b r o u t i n e  is ended with a R E T U R N  s t a t e m e n t .
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15) A R R A Y S  are used to keep several bits of data that refer 
to t h e  s a m e  d a t a  s e t  t o g e t h e r .  A r r a y s  m u s t  be 
d i m e n s i o n e d  wi t h  a D IM  s t a t e m e n t  b e f or e any r e f e r e n c e  
c a n  be m a d e  to t h e  a r r ay . E l e m e n t s  of an a r r a y  are 
d e n o t e d  by using s u b s c r i p t e d  v a r i a b l e s  like A(l), A(2), 
e t c .
16) R E A D / D A T A  is used to input data w i t h i n  the p r o g r a m  (as 
o p p o s e d  to I N P U T  w h i c h  is u s e d  to r e c e i v e  d a t a  f r o m  the 
keyboard). A READ s t a t e m e n t  m u s t  have a DATA s t a t e m e n t  to 
w h i c h  it refers. The c o m p u t e r  will READ the data i t e m s  in 
the ord e r w h i c h  they are typed in the program. This is used 
when the input is not too variable.
note: This is a br i e f  s u m m a r y  of the BASIC c o m m a n d s  that we 
have studied.
A P P E N D I X  E 
List of H e u r i s t i c  S t r a t e g i e s
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List of H e u r i s t i c  S t r a t e g i e s  
source: Polya, 1957: xvi-xvii
U N D E R S T A N D I N G  THE P R O B L E M
First. You have to u n d e r s t a n d  the problem.
W h a t  is the u n k n o w n ?  W h a t  are the data? Wh a t  is the con- 
cH t i o n ?
Is is p o s s i b l e  to s a t i s f y  t h e  c o n d i t i o n ?  Is t h e  
c o n d i t i o n  s u f f i c i e n t  to d e t e r m i n e  the u n k n o w n ?  Or is it 
i n s u f f i c i e n t ?  Or r e d u n d a n t ?  Or c o n t r a d i c t o r y ?  D r a w  a 
f i g u r e .  I n t r o d u c e  s u i t a b l e  n o t a t i o n .  S e p a r a t e  th e  
var io us  parts of the c o n d i t i o n .  Can you w r i t e  them down?
D E V I S I N G  A PLAN
S e c o n d .  F i n d  t h e c o n n e c t i o n  b e t w e e n  the d a t a  and the 
u n k n o w n .  Y ou  m a y  be o b l i g e d  to c o n s i d e r  a u x i l i a r y  
p r o b l e m s  if an i m m e d i a t e  c o n n e c t i o n  can not be found. You 
s h o u l d  o b t a i n  e v e n t u a l l y  a pi an of t he  s o l u t i o n .  H a v e  
y o u  s e e n  it b e f o r e ?  Or h a v e  y o u  s e e n  t h e  s a m e  p r o b l e m  in 
a s l i g h t l y  d i f f e r e n t  f o r m ?
Do y o u  k n o w a r e l a t e d  p r o b l e m ?  Do y o u  k n o w  a t h e o r e m  
that could Tse use fu l?
L o o k  at t h e  u n k n o wn! A n d  t r y  to t h i n k  of a f a m i l i a r  
p r o b l e m  h a v i n g  the same or a si m ila r unknown.
Here is a p r o b l e m  r e l a t e d  to you rs and s o l v ed  b e f o r e . 
Could you use i t ? Coul d you use its res ul t? Could you 
u s e  its m e t h o d ? S h o u l d  y o u  i n t r o d u c e  s o m e  a u x i l i a r y  
e l e m e n t  in order to ma k e  its use p os si bl e.
C o u l d  y o u  r e s t a t e  t h e  p r o b l e m ?  C o u l d  y o u  r e s t a t e  it 
still d i f f e r e n t l y ?  Go back to the d e f i n i t i o n s .
If y o u  c a n n o t  s o l v e  t h e  p r o p o s e d  p r o b l e m ,  t r y  to s o l v e  
f i r s t  s o m e  r e l a t e d  p r o b l e m .  C o u l d  y o u  i m a g i n e  a m o r e  
a c c e s s i b l e  r e l a t e d  p r o b l e m ?  A m o r e  general p r o b l e m ?  A 
m o r e  special p r o b l e m ?  An a n a l o g o u s  p r o b l e m ?  Could you 
s o l v e  a p a r t  of t h e  p r o b l e m ?  K e e p  o n l y  a p a r t  of t h e  
c o n d i t i o n ,  d r o p  t h e  o t h e r  p a r t ;  h o w  f a r  is t h e u n k n o w n  
then d e t e r m i n e d ,  h o w  can it var y? Co u l d you der ive other 
d a t a  a p p r o p r i a t e  to d e t e r m i n e  t h e  u n k n o w n ?  C o u l d  y o u  
c h a nge  the u n k n o w n  or the data, or both if n ec essa ry, so 
that the n e w  u n k n o w n  and the new data are ne arer to each 
o t h er?
D i d  y o u  u s e  all t h e  d a t a ?  D i d  y o u  u s e  t h e  w h o l e  
c o n d i t i o n ?  H a v e  y o u  t a k e n  i n t o  a c c o u n t  all e s s e n t i a l  
not ion s inv o lve d  in the p r o b l e m ?
81
C A R R Y I N G  OUT THE PLAN
Third. C a r r y  out your plan.
C a r r y i n g  out your plan of the sol utio n, check each step. 
Can y o u  s e e  c l e a r l y  t h a t  t h e  s t e p  is c o r r e c t ? Can y o u  
prove that it is c o r r e c t ?
L O O K I N G  BACK
F o u r t h .  EjKa.fn.lne t h e  s o l u t i o n  o b t a i n e d .  C a n  y o u  
che ck tFTe r e s u l t ? Can you che ck the a r g u m e n t ?
Can you der ive the r e s u l t  d i f f e r e n t l y ?  Can you see it at 
a glance?
Can y o u  u se  t he r e s u l t ,  or the m e t h o d ,  f o r  s o m e  o t h e r  
pro bl em ?
APPENDIX F 
Logo Commands and Sample  
Logo Programs
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Summary o f  Logo Commands
FORWARD N ( o r  FD N ) :  m oves  t h e  c u r s o r  N u n i t s  i n  t h e
d i r e c t i o n  i n  w h ic h  i t  i s  p o i n t i n g
l e a v i n g  a  t r a i l  on  t h e  s c r e e n
RIGHT A ( o r  RT A ) : r o t a t e s  t h e  c u r s o r  A d e g r e e s  c l o c k w i s e
w i t h  no l a t e r a l  movement
LEFT A ( o r  LT A ) » r o t a t e s  t h e  c u r s o r  A d e g r e e s  c o u n t e r ­
c l o c k w i s e  w i t h  no l a t e r a l  movement
REPEAT N ( s t a t e m e n t s ) :  e x e c u t e s  t h e  program  s t a t e m e n t s
w i t h i n  t h e  p a r e n t h e s e s  N t i m e s  —  
l o o p  s t r u c t u r e
HIDE TURTLE ( o r  HT)t c a u s e s  t h e  c u r s o r  t o  d i s a p p e a r  from
t h e  s c r e e n
SHOW TURTLE ( o r  S T ) : p l a c e s  t h e  c u r s o r  a t  i t s  c u r r e n t
p o s i t i o n  on t h e  s c r e e n
The f o r m a t  o f  a  Logo program  i s  a s  f o l l o w s :
TO program  name
program  s t a t e m e n t ( s )
END
TO SQUARE 
FORWARD 20  
RIGHT 90 
FORWARD 20  
RIGHT 90  
FORWARD 20  
RIGHT 90 
FORWARD 20  
RIGHT 90 
END
o r
TO SQUARE 
FD 20  
RT 90  
FD 20  
RT 90 
FD 20  
RT 90  
FD 20  
RT 90 
END
o r
TO SQUARE
REPEAT 4{FD 20 RT 9 0 )  
END
---------------
F i g u r e  1 O utput  o f  Logo  
Program Named 
' SQUARE
TO DESIGN
REPEAT 24-(SQUARE RT 1 5 )  
HT 
END
o r
TO DESIGN NUM:36, TURN«15 
REPEAT NUM(SQUARE RT TURN) 
HT 
END
F i g u r e  2 O utput  o f  Logo Program Named DESIGN
TO BIGSQ
REPEAT M FD 30 RT 9 0 )
END
TO DESIGN2
REPEAT 36{BIGSQ RT 1 0 )
HT
END
o r
TO DESIGN2 . NUMs36, TURN 110 
REPEAT NUM(BIGSQ RT .TURN) 
HT 
END
F i g u r e  3  O utput  o f  Logo Program Named DESIGN2
APPENDIX G 
I t e m  A n a l y s i s  o f  t h e  
E v a l u a t i o n  I n s t r u m e n t
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P a r t  o f  t h e  I te m
T e s t  Number
D i f f i c u l t y
I n d e x
I n d e x  o f  
P i  s c r i m i n a t i o n
I I
I I I
IV
1
2
2
6
7
8 
9
10
11
12
15
1 6
17
1 8
19
20
1
2 a
2b
2 c
2d
2e
2 f
2g
3 a
3b
3 c
3d
3 e
3 f
3 g
3h
3 i
3 j
3k
1
2
3
program
0 . 4 l 4
0 . 9 0 0
0 . 9 2 9
0 . 9 1 4
0 . 4 5 7
0.200
0 . 4 8 6
0 . 4 5 7
0 . 3 0 0
0 . 1 1 4  
0 . 2 8 6  
0 . 9 2 9  
0 . 6 14  
0 . 4 8 8
8 : £ 4
0 . 3 4 3
0 . 3 8 6
0 . 8 4 3
0 . 6 4 3
0 . 1 0 0
0 . 9 0 0
0 . 6 5 7
0 . 8 8 6
0 . 5 2 9
0 . 4 8 6
0 . 8 0 0
0 . 5 5 7
0 . 9 7 1
0 . 6 0 0
0 . 3 0 0
0 . 8 2 9
0 . 5 2 9
0 . 4 2 9
0 . 3 1 4
0 . 6 5 7
0 . 7 2 9
0 . 4 5 7
0 . 4 2 9
0 . 0 2 9
0 . 1 0 0
0 , 0 0 1
0 . 0 2 9
0 . 4 8 6
0 . 1 4 3
0 . 1 4 3
0 . 1 7 1
0 . 2 2 9
0 . 4 0 0
0 . 5 1 4
0 . 5 7 1
0 . 3 1 4
0 . 1 7 1
0 . 1 7 1
0 . 1 4 3
0 . 2 5 7
0 . 5 1 4
0 . 5 7 1
0 . 4 2 9
0 . 4 0 0
0 . 6 0 0
0.200
0 . 6 0 0
0 .200
0 . 2 0 0
0 . 3 4 3
0 . 1 7 1
0 . 4 2 9
0 . 2 2 9
0 . 2 2 9
0 . 4 8 6
0 . 0 5 7
0 . 5 4 3
0 . 3 7 1
0 . 2 5 7
0 . 2 5 7
0 . 1 1 4
0 . 1 1 4
0 . 2 2 9
0 . 2 5 7
0 . 2 8 6
0 . 5 1 4
0 . 0 5 7
0.200
0 . 0 0 6
0 . 0 5 7
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